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The generators at the 
Calder Hall Power - station 
of the Atomic Energy Authority 
are controlled by Reyrolle 
11-kV 500-MVA and 
750-MVA switchboards 
and their associated 


control - boards 


Reyrolile 


A. REYROLLE & COMPANY LIMITED HEBBURN, COUNTY DURHAM, ENGL? ND 
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India again chooses... 


erected the entire plant and equipment. 

For the Rihand Station, the five turbines are 
of the Francis type with a head range of 
143/250 ft. and a rating at 225 ft. of 77,000 h.p., 
speed 150 r.p.m. The umbrella type alternators 
each generate 61,000 kVA, 0-9 p.f. at 11 kV. 


Five ‘ENGLISH ELECTRIC’ water turbine 
generating sets are now being delivered to the 
Rihand Power Station. These sets were 
ordered by the Government of the State of 
Uttar Pradesh, India, following the com- 
missioning of the Khatima hydro-electric 
station for which the Company supplied and 





ENGLISH ELECTRIC 


hydro-electric equipment 


;LISH ELECTRIC COMPANY LIMITED, MARCONI HOUSE, 


—_— | Hi 


STRAND, LONDON, 


Hydro-electric Department, Dunnings Bridge Road, Netherton, Bootle, 10. 


RES: STAFFORD + PRESTON : RUGBY 
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INSTITUTO COSTARRICENSE DE ELECTRICIDAD 
SAN JOSE, COSTA RICA, AMERICA CENTRAL 
P.O. BOX XXXII 


NOTICE TO 
MANUFACTURERS OF EQUIPMENT AND MATERIALS 
AND TO GONSTRUCTION COMPANIES 
OF |.B.R.D. MEMBER COUNTRIES AND SWITZERLAND 


The Instituto Costarricense de Electricidad has started the construction 
of the 30,000 KW hydro-electric project Rio Macho No. 1. The pro- 
posed works will also comprise 80 Kms (50 miles) of 138 KV trans- 
mission lines, and three substations, one 37,500 KVA, 13°8/138 KV; 
one 30,000 KVA, 138/345 KV, and one 21,750 KVA, 138/34°5, 13°8 KV. 


Payment in foreign currency for equipment and materials will be made 
with funds from a loan which is being negotiated with I.B.R.D. The 
purchase will be made through international public bidding, in ac- 
cordance with the terms and conditions that will be published in the 
official newspaper of Costa Rica ‘“‘La Gaceta.’”’ The bids will be an- 
nounced in the course of the next two years, starting next October 
with the bid for the main generation and substation equipment, and 
for construction and tunnelling equipment. 


A considerable part of the construction work will be contracted, and 
the respective bids will also be published in “‘La Gaceta” in the course 
of the next two years. 


For further information, please write to the Institute’s main offices in 
SAN JOSE, COSTA RICA, C.A., P.O. BOX XXXII, 


or to your respective Embassy in Costa Rica. 
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KARIBA—ON SITE—ON SCHEDULE 


The Stay Ring for No. | Turbine at 
Kariba—shipped from England in May, 
1958—is now in position. It is shown 
here installed in the vast underground 
power station, ready for the next major 
step, fabrication of the spiral casing. 

This is the first of six Boving Tur- 
bines being installed at Kariba. Each 
is of 140,000 b.h.p. 


SECTION 
THROUGH 
UNDERGROUND 
POWER 

HOUSE 


* 
“7 
7 


WATER POWER ENGINEERS 


VILLIERS HOUSE, 41/47 STRAND, LONDON, W.C.2 fe 
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=» Post Insulators 
were used for the 


Tarraleah Sub-Station, Tasmania 


The Sub-station at Tarraleah, Tasmania, is one of the many 110 kV. and 88 kV. sub-stations on 
the Hydro-Electric Commission’s system equipped throughout with S.P.P. Cylindrical! Post 
Insulators. 


STEATITE & PORGELAIN PRODUCTS LTD. 


Stourport-on-Severn, Worcestershire Telephone : Stourport 2271 Telegrams : Steatain, Stourport 
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WAT 


Orders received 
during 1958 


Plant No. &type Dnom Hnorm. HP 


n 
of turbines mm m totally 


Valajaskoski 2 Kaplan 6.500 11.2 67.800 75 
Aittokoski 1 Kaplan 4.450 25.8 46.900 143 
Juukoski 2 Kaplan 5.700 24.5 148.000 115 
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TAMMERFORS LINNE-OCH JERN-MANUFAKTUR 
AKTIE-BOLAG ENGINEERING WORKS 


ESTABLISHED 1842 


TAMMERFORS, FINLAND 





4ft. in 75 seconds! That was the speed 

of penetration in trials with the new CP 
“TORNADO” lightweight tunnel drill, 
carried out in hard limestone having an average 
crushing strength of 29,000 lb.sq.in. 

This outstanding performance, with a feedleg- 
mounted drill under 50 Ib. in weight, is the 
outcome of an entirely new design, featuring 
a short-stroke 3” diameter piston, re-designed 
air-flow passages in the valve and 

other improvements. 

Different drilling conditions do, of course, 
provide variable performances. Only a trial 
can reveal how the “Tornado” drill will 
perform under your particular conditions. 
You must be interested in power like 

this with the advantages of such light weight 
equipment, so use the form below to arrange 
a demonstration on your own site. 


onds 


... With a machine 
of only 50 Ib. 


TORANADD 


No. 503 ROCK DRILL 


To CONSOLIDATED PNEUMATIC TOOL CO. LTD., 


Dawes Road, London, S.W.6 
r) ® 
Please send details of, and arrange to demonstrate, the | 
ONnSO a e neumad ie C.P. “Tornado” rock drill to. 
NAME ; - = | 


. ADDRESS 


CONSOLIDATED PNEUMATIC TOOL CO. LIMITED, snenenanm 
DAWES ROAD, LONDON, S.W.6. a 
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TRADITIONAL SWISS 
ENGINEERING SKILL AND QUALITY 


KRIENS 
p 


Bell Engineering Works Ltd. 
Kriens/Lucerne (Switzerland) 


64'°000 HP Pelton Turbine Goschenen 


A century of experience in design and 

construction of waterpower- 

equipment and constant research 

in two hydraulic laboratories, 

one of them especially equipped for cavitation tests, 
assure the reliablity and 

efficiency for which Bell turbines 

are renowned 


Bell builds: 

Water Turbines, Spherical straight flow valves, 

Butterfly valves, Penstocks and supply pipings, 
Pressure tunnel liners, 

Partially or fully automatic and remote controlled plants, 
Power house cranes, 

Towers for transmission lines, 

Water control equipment 


Some projects with Bell Equipment: 

Francis Turbines - Guyabo (E! Salvador) head 56 m, 
24'800 HP - Barenburg (Switzerland) head 340 m, 85’000 HP 
(Supply together with Charmilles) 

Pelton Turbines - Géschenen (Switzerland) head 698 m, 
64'000 HP - Sedrun (Switzerland) head 588 m, 70’000 HP 
Kaplan Turbines - Wildegg Brugg (Switzerland) head 15,3 m 
34°000 HP - Pet&éjaskoski (Finnland) head 19 m, 67’°600 HP 


= ko eee Se 2 }«Go Oo ee 
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KMW's new Turbine 


Laboratory at Kristinehamn 
-one of the best equipped 
in the world 


The water power of the world is being exploited at an 


ever increasing rate. Turbines are being further 
developed and new types are appearing. The size of 
the average unit is increasing and greater demands are 
placed on performance. This calls for constant research 


and development work. 


In this connection KMW as turbine manufacturers are 
well to the fore and for a long time past have main- 
tained their position among the world’s leading con- 
cerns in this field by extensive technical development 
work, above all in respect of the hydraulic design of 


the turbines. In order to intensify this activity still 


KARLSTAD - SWEDEN 


Representatives in Canada: A. Johnson & Co. 
607 Shell Tower Building, Montreal 2. 


{WUULLN 
IHU 


FAQIUAUNNUNIUUOGQNNALOUUGGUUIETEUUTT HEE 
TT TTL 


The main plant in the 
new laboratory is the 
large flume through 
which water flows to 
the turbine model. 


Erection of the cavita- 
tion tunnel. The tunnel 
is intended for tests 
with large turbine 
models of Kaplan or 


propeller type. 


more, a compietely new hydraulic laboratory has 
recently been put into service. The stationary equip- 
ment consists at present of three main units: an open 
flume circuit, where large model turbines can be tested 
under a head of 4 m, and two separate cavitation tun- 
nels. One of the tunnels is intended for tests with 
models of high pressure turbines under heads up to 100 
m, while the other, which like the flume has been pro- 
portioned for large scale models, is adapted for tests with 
low heads and large volumes of water. Controls and 
instrument readings are centralized. The measuring 
equipment is to a large extent electronic and permits 


great accuracy and rapid tests. 


AB KARLSTADS MEKANISKA WERKSTAD 


(Canada) Ltd., 
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IL 
TUNA 


MANGLA’INDIA 
NEUQUEN-ARGENTINA 
KABO-BURMA 
MUJARAH: IRAQ 


MANCHESTER SHIP CANAL-ENGLAND 


VAITARNA-CUM-TANSA:INDIA 


APIE 


Irrigation. 
Flood control 
Water supply 

Power plants 
Locks and Docks 


THOMSON RIVER-AUSTRALIA 


PARAHYBA-BRAZIL 


NIAGARA FALLS 


CARDIFF-WALES 


ASWAN-EGYPT NAG HAMMADI-‘EGYPT 


WELLAND RIVER*ENGLAND GOLDEN FALLS-EIRE 


RIVER TRENT-ENGLAND HINDIYAH'IRAQ 


ELVINGTON WEIR* ENGLAND JOG FALLS-INDIA 


KRISHNARAJASAGARA-INDIA CHENDEROH-MALAYA 


MANGAHAO-NEW ZEALAND KHATIMA:INDIA 


— 


WARRAR-IRAQ GLASGOW WEIR: SCOTLAND 


BALA LAKE-WALES KUT-IRAQ 


SAMARRA-IRAQ MILLARES-SPAIN 


CATALANA:SPAIN 


“eet” el 
WATER CONTROL 


SULIEMANKI-INDIA 
KEDAH*MALAYA 


PERAK RIVER-MALAYA 


TEPUXTEPEC-MEXICO 


a 


ATIAMURI-NEW ZEALAND 


GEZIRA*SUDAN WAITAKI-NEW ZEALAND WELMORE LAKE-ENGLAND 


BASSANO-DAM-CANADA OSHOGBO-NIGERIA SUKKUR-PAKISTAN 


CATALANA’SPAIN 


LOWER SIND-PAKISTAN 


N'CEMA-RHODESIA BREADALBANE-SCOTLAND HOBHOLE-ENGLANO 


MONTEVIDEO-URUGUAY EMBARC ADEROS*SPAIN COFRENTES-SPAIN 


VAAL HARTZ WEIR-SOUTH AFRICA UMGENI-SOUTH AFRICA 


POLLAPHUCA’EIRE 


INISHCARRA-EIRE 


RANSOMES AND RAPIER LIMITED, IPSWICH, ENGLAND 


WATE 
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Consulting Engineers: —MERZ & McLELLAN, ESHER, SURREY. 


The rising structure of the new Kariba 
Dam on the Zambezi River indicates the 
immensity of this undertaking which will 
eventually result in the routing of electric 
power at 330 000 volts to the ‘copper belt’ 
towns of Northern Rhodesia and the major 
cities of Southern Rhodesia. 


S.T.C. are supplying and installing equip- 
ment which will control and supervise 
transmission lines involving a total length 
of 935 miles. This will include Voice 
Frequency Telegraph equipment, Remote 
Control and Remote Indication equip- 
ment, Remote Metering equipment, Tele- 
printer equipment, Photo-facsimile 
equipment and Telecommunication equip- 
ment. Power Line Carrier equipment is 
also being installed by S.T.C. whose un- 
equalled experience in Remote Control and 
Indication Systems, a deciding factor in 
the award of the Kariba contract, is 
available to Electricity Undertakings al! 
over the world. Ask to see the Company’s 
specialist engineers at the planning stage 


$.7.€. Telecommunication & 

Control Systems for the 

Kariba Hydro-Electric 
Project 





Standard Telephones and Cables Limited 


SYSTEMS Registered Office : Connaught House, Aldwych, London, W.C.2 


GROUP 
TELEPHONE DIVISION: OAKLEIGH ROAD - NEW SOUTHGATE - LONDON.!! 


ELECTRONIC 
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In hydro-power plants, minute regulation of the 
water level is an important feature best achieved 
by discharging the upstream water over the gate. 
The M.A.N, submersible sluice gate is particularly 
suited to that requirement. Illustration shows 
sluice gate of 30 m clear width and 4.85 m water 
head supplied for Kitzingen Weir Plant/River 
Main. Gote was designed to be lowered 1.3 m. 


DRAULIC STRUCTURES: 


SCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
STAVSE JRG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 





TECHNOEXPORT 
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GIVE the beaver a vailey, a stream 


and enough trees and there’s no limit 
to the efforts he’ll make. Dams a thou- 
sand feet long containing as many tons 
fie. of material, holding back ‘ponds’ 
thousands of acres in extent—canals, stretching 
for hundreds of yards to a particular stand of tim- 
ber—two-storey ‘houses’ sometimes forty feet in 
diameter—a strange and wonderful ‘civilisation’ 
flourishing where once the forest stood unchal- 
Cemented with frozen mud, the beaver’s lenged. 
lodge shelters him from the elements and On an infinitely greater scale but with the same 
his many enemies. The lower chamber, inexhaustible energy and aptitude for the job we 
entered from underwater, is his ‘dining a i a 
A? white aliave &, the ehensinn.igere are creating the mechanism of modern life in places 
is lined with cedarwood shavings or which for centuries have withstood the encroach- 
peeled twigs. ment of man. Like the beaver, we are eager to build 
—and the wilderness is a challenge to be met and 
conquered. 





ee OOOO 


MITCHELL CONSTRUCTION 


WS eee ~ 


BUILDING & CIVIL ENGINEERING CONTRACTORS 


THE MITCHELL CONSTRUCTION COMPANY LTD. 


WHARF WORKS PETERBOROUGH 











ee 
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Ruston-Bucyrus 


MIO WU Loa: CRAM LAS 


— ~~ 2° "2 eee ee eee e eee eee 


19-RB operating as 

a skip crane at the 
foot of the Chicamba 
Dam in Portuguese 
East Africa. This 
concrete dam spans 
the River Revue near 
the Rhodesian border. 
The rock is broken 
up by compressed air 
drills and hand loaded 
by native labour into 
Euclid 9 yd. trucks. 


22-RB lifting x 


crane on the al . 
extension to a oe ee: : 
Hydro-electric . oy Ow ‘ 


fa 
scheme at 


| a 3 to 40 TONS CAPACITY 


for pliant hire, steel erection, skip and bucket handling. 
placing pre-cast concrete sections 
as applied to Buliding and Public Works, 
Bridges and Dams, Power Stations, 


Oll Refineries 


Among the series of excavator-type cranes offered 
by Ruston-Bucyrus there will probably be one to suit 
your purpose. In most sizes there is the choice of 
standard and oversize caterpillar mountings. 

The 22-RB is available as heavy-duty crane on 
caterpillars or truck-mounted. Send for publication 
RB1604 which gives introductory information 

on the complete range. 





RUBTON - 


UCYRUS 


AMOS? -L3 “cyrus Sintled 


EXCAVATOR SPECIALISTS, LINCOLN 
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BAILEY BRIDGES THE GAP. ... 
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PHOTO. BY COURTESY : THE DEPARTMENT 
OF HIGHWAYS—ONTARIO. 





The Bailey Bridge—S50 ft. long 





demteig —across the Mattagami River, is 


just one of the many in constant 





Tokoure use by a large volume of traffic on 





LAKE ONTARIO Highway II—part of the Trans- 














Canada Highway. 





1. STEEL RIVER. 2. FRENCH RIVER. 3. LITTLE PIC RIVER. 
4, KAPUSKANG RIVER. 5. MATTAGAMI RIVER. 


SPANNING FIVE RIVERS ON ori ec secuiin 
® « a ° any other project requiring 


Bailey Bridging is readily 


HIGHWAY II ONTARIO, CANADA cxcitesie, trom: 
TMOS.STOREBY (lngineers BFDa 


WORLD LICENSEES FOR THE MANUFACTURE AND SALE OF BAILEY BRIDGING 
PATENTEES AND MANUFACTURERS OF STOREY UNIFLOTES 


STOCKPORT.& LONDON ENGLAND 


ENQUIRIES TO LONDON SALES OFFICE-6 VICTORIA STREET - WESTMINSTER SWI 
TELEPHONE: ABBEY 7391-2 TELEGRAM: MICROFAB SOWEST LONDON CABLES; MICROFAB LONDON 
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All types of 


mechanical handling plant 


A ecient 


ME ae & i 


.. . screens, trash rakes and cranes for 


hydro-electric intake works . . . 


STEELHOIST WORKS 





Strachan 
and — 
Henshaw 


itd 


= 


BRISTOL 2 ENGLAND 


TELEPHONE BRISTOL 78348 
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Fabricated 


Platework 


PIPEWORK 


Gas and Water Mains and _ high 
pressure welded unlined Water 
Piping. We also specialise in bends 
of large diameter pipes and branch 
pipes of complicated design. 


\ We can supply low pressure Steam, 





la 


your 


Ducts of rectangular design . 
for power stations or boiler houses, 


specification of electrically-welded construction in 


Mild or Special Steels or Aluminium Alloy, can also be supplied 
They are accurately fabricated to suit your exact requirements 


@ Full details of our Fabrication Service are described in our new 
Brochure entitled “‘FABRICATED PLATEWORK.” A copy i: 
yours for the asking. 


W. G. ALLEN & SONS (TIPTON) LTD. | P. 0. BOX 4 + TIPTON < STAFFS: 


Telephone: TIPTON 1266 
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Penstocks for 


Hydro- Electric Power Stations 


Study, planning, design and erection 


of complete: 
open-laid and trench-laid pipe lines 
pipe lines in tunnels 


lined pressure shafts, 
surge tanks, etc. 


pipe lines for irrigation and 
drinking-water supplies 


distribution piping 





eel 


Branch pipe with Sulzer stiffening collar 


Sulzer Brothers Limited, 


Winterthur, Switzerland 


Sulzer Bros. (London) Ltd., - 
31, Bedford Square, London, W.C.1 


SS 
8 é: 
rs ~ 












i J 

Twin pipe line in Switzerland for a 
service pressure of 1,600 Ib./sq.inh «8h. 
in the course of erection ps 





fi 





DULL OEE 


With ‘High temperature’ brazed tip-fixing and 
controlled manufacture, Victor steels are superbly 
equipped to give top performance and long life on 
the toughest applications. 


Victor experience in drilling techniques now brings 
the ultimate in drill steels —steels which give the 
operator more footage and faster drilling. 


Victor sum to temombowin poreuddwe daly 


VICTOR PRODUCTS (WALLSEND) LIMITED, wattsenvd-on-tywe, ENGLAND 
Telephone: Wallsend 68331 (6 lines) Cables: ‘“‘Victor’? Wallsend, Englanc 


Ds 
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SOCIETA’ IDROELETTRICA MEDIO ADIGE, VERONA (ITALY) 


POWER STATION OF ISOLA SERAFINI 
ON THE PO RIVER 


KAPLAN TURBINES, 12,500 kW. each 


Delivery : 230,000 It/sec. 
Head: 6:00 m. 
Speed : 53°57 r.p.m. 


4 blades undergoing roughing-out process. Outside diameter of the wheel : 7,800 mm. 


FRANCO TOSI S.p.a * LEGNANO (ITALY) 
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Brittany — FRANCE 


Building-up the guide vane 
ossembly 


The first industrial unit drive 
by tidal power 





The world’s largest “bub} 
. d 
unit runner : 
li 

b 

T 

This “upstream-bulb” axial unit cot * 
work as a turbine or pump, ine : 
pective of flow direction " 
rm 

output : 12 240 HP (metric) fe 
head: 5,50 m v 
speed : 88, 25 r. p. m. 7 
runner diameter : 5, 80 m . 
te 

S 











facing the runner hub with | 


stainless steel ” Bricks” 


NEY RPI 


GRENOBLE - Avenue de Beauvert - Téléphone 44-55 0 
PARIS XVI* - 8, Rue Bellini - Téléphone PAS. 51-09 
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Question to Power Line Builders: 


‘oblem ? 








— 180 *V° Fm | " = Fa, re) me] kV 


—.. . (t-1) 


Kat d= Kay 











Le 





re re ™ 





“Electrical Data” is available in Englishand Spanish 
Recognise it? It’s a formula for calculating the critical corona voltage when editions, as well as in Swedish. When writing for your 
free copy, please state which language you prefer. 





designing power lines. It is necessary to know this, since one of the chief 
factors determining the number and size of the conductors in a transmission 
line is the voltage at which power losses, due to the corona phenomenon, 


become serious. 


The higher the voltage, the greater the difficulty from this cause—and with 
unit col transmission voltages steadily rising, such problems are being met more and 
D, irre more. To help in solving them, Svenska Metallverken has published ‘‘Elect- 
trical Data for High Tension Power Lines,” written by two of the engineers 
responsible for the design of Sweden’s 380,000-volt power system. With its 
formulae, tables, and monograms, this is a handy ‘‘ready-reckoner” for use 


when selecting conductors for transmission lines. 


This is just one of the ways in which you can draw on Swedish technical 


know-how when doing business with Svenska Metallverken. Remember, 





Electrical Data 









too, there’s a good deal of “know-how” in Feral Cable itself—the reliable for High Tension , 
Swedish ACSR. Power Lines . ae 
~~ a 


When planning power lines, consult 


SVENSHA METALLVERHEN ie es 


Manufacturers of Feral Cable &, a 


(55-9) 
51-09 FERAL CABLE DIVISION VASTERAS * SWEDEN 
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PENSTOCKS 
WATER GATES 

HYDROELECTRIC 
EQUIPMENT 






























vt 


CAP DE LONG: Self-hooped penstock for the 

Pragnéres Power Station, in the Pyrénées. 
Head 1,252 metres, Flow 14,6 cu.m./sec. 

Diameter 2°25 to 1°60 metres, Power 200,000 H.P. 





GRANGENT DAM on the Loire 
One of the four Crest Gates, Sector Gate Type 
(12:5 m. x 14:4 m.) during erection. 


ETABTS- BOUCHAYER & VIALLET 
SOCIETE DAUPHINOISE d’ETUDES & 


de MONTAGES 
GRENOBLE - FRANCE 


WATER POWER October 1959 
























savigliano 


260 kV class 
transformers 







aoe 
yy Se | , 
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societa 


nazionale ° 
delle officine ; 

di . 

savigliano 


corso mortara 4 
torino (italy) 


electromechanical constructions 
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8) 400-4V Fgeupment 


Transformers 


Building and in service 
Krangede A.B. Sweden 

Two banks of transformers 

each rated 130 MVA; 

13.85/400 kV. 


Electricité de France 
One bank of transformers 
rated 300 MVA; 380 + 
5% /225/10.5 kV. 


Rheinisch-Westfalisches 
Elektrizitatswerk (RWE) 
Germany 
Two single-phase trans 
formers each rated 660/3_ 
MVA; 400 / /3 / 231 / v3 
+ 18%/30 kV. 


Kraftwerke Hinterrhein AG. 
Switzerland 
Two banks of transformers 
each rated 400/280/2 xX 
73.5 MVA; 420/201 + 28 
X 3.75/2 X 10.5 kV. 


Imatran Voima Oy, Finland 


Four single - phase trans- 
formers each rated 420/3 
MVA; 380/238/20 kV. 








Electricité de France, Creney Substation 

“Alpes-Paris’’ 380-kV transmission system. The illustration shows two of 
the three single-phase auto-transformers each rated 300/3 MVA; 380 + 
5% / 225 / 10.5 kV; designed for transport by rail and impulse tested at 
i450 kV. 


Switchgear 


Building and in service: 
Kungl. Vattenfallsstyrelsen, 
Sweden 


10 three-pole air-blast circuit- 
breakers 
33 three-pole isolating 
switches 
33 current transformers 
Imatran Voima Oy, Finland 
12 three-pole air-blast circuit- 
breakers 
Rheinisch-Westfialisches 
Elektrizitatswerk (RWE) Germany 
2 three-pole air-blast circuit- 
breakers 
Kraftwerke Hinterrhein AC. 
Switzerland 
2 three-pole air-blast circuit- 
breakers : - "EL Aa 
Kemijoki Oy, Helsinki, Finland 
Petajaskoski switching station, 380-kV-air-blast circuit-breakers 
type DCVF 380m 10r 





BROWN, BOVERI & CO., LTD., BADEN SWITZER 


Representatives in most countries 








* 
LIGHT IN WEIGHT, TOUGH, AND DURABLE 
WITH GOOD ELECTRICAL PROPERTIES 
* 
CAN BE MOULDED, PUNCHED 
AND MACHINED 
* 
SUITABLE FOR COUNTLESS ELECTRICAL 


AND MECHANICAL APPLICATIONS : p A X 0 L N 


Examples of 
Paxolin punchings, 
mouldings and 


machined parts. 


im ae | the electrical insulation people 
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SOCIETE DES FORGES ET 
ATELIERS DU CREUSOT 
(USINES SCHNEIDER) . 


15, Rue Pasquier, PARIS 8 Tel Anjou 34 40 


LE MATERIEL ELECTRIQUE S-W 
Constructions électriques SCHNEIDER 
Licence WESTINGHOUSE 


32, Cours Albert-! PARIS 8 Tel 


COMPAGNIE INDUSTRIELLE 
DE TRAVAUX 
(ENTREPRISES SCHNEIDER) 
6, Boul. Malesherbes, PARIS 8 - Te Anjou 34-40 


Laksapana Power Plant (Ceylon): Penstocks 


Serre-Poncon Dam Project : concrete 
gallery extending over 7,000 ft. 





Laksapana Power Plant :Two 16,100 kW 
Pelton units under erection 


CONSTRUCTION AND ERECTION OF ANY 
HYDRAULIC POWER PLANT EQUIPMENT 


Penstocks, Valves, Turbines, Alternators, 
Electric Switchgear, Transformers, etc... 


CIVIL ENGINEERING WORK 


w 
ANY ; 
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Francis Turbines are suitable for a wide range of falls. 
The illustration on the right shows a typical machine 
mounted in a spiral case. The case is accurately 
designed to guide the water towards the runner at the 
correct velocity and angle to give maximum power at 
the shaft. Details of our standard range of turbines will 
be sent on request. 


ARMFIELD 


HYDRAULIC ENGINEERING CO. LTD. 
RINGWOOD - HAMPSHIRE - ENGLAND 


Telephone: RINGWOOD 760 
Telegrams: HYDRAULICS, RINGWOOD 


WATER POWER October 1959 








Complete hydro-electric plants 








Assembly at. works of an 11.150 kW Francis 
turbine for Pilmaiquen Power Station of Messrs 
Endesa, Santiago (Chile) 


Wheel of a 35 200 kW Pelton turbine for 
Lanzada Power station of Soc Vizzola - Milan 


Wheel of a 35.750 kW Kaplan turbine for Ybbs 
Persenberg Power station of Osterreichische 
Oonaukrattwerke. Wien 
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ZH-50 
Grouting Pump 


CRAELIUS COMPANY LIMITED 
11, CLARGES STREET, LONDON, W.lI. 


Telephone: Grosvenor 1378 


Associated Companies: 

The Swedish Diamond Rock Drilling Co., Stockholm. 
The Craelius East African Drilling Co. Ltd., Nairobi. 
ABEM Company Stockholm. 

Societe Anonyme, Craelius, Paris. 





ELECTRICAL 
EQUIPMENT 


CIRCUIT BREAKERS, 
INSTRUMENT TRANSFORMERS, 
ISOLATING SWITCHES,. 
BUSHING INSULATORS, 
CONTROL DESKS AND PANELS, 
SWITCHBOARDS, 

1s, EERE “4 FOR MEDIUM, HIGH AND 

ic, 25S 583 e ULTRA-HIGH VOLTAGES 


| OFFICINE 
ELETTRO 
MECCANICHE 
GALILEO 


Di BATTACLIA TERME SpA ¥ 


For offers and details piease enquire to: 
OFFICINE ELETTROMECCANICHE GALILEO - SERVIZIO COMMERCIO ESTERO - MILANO, VIA LARGA, 26 
C'T ALY) PHONE: 877.895 - GRAMS: ELETTROGA - MILANO 











INDIA’S BHAKRA-NANGAL PROJECT 
INSTALLS HITACHI TURBINES 


Bhakra-Nangal on the Sutlej River is the largest hydro project in 
India’s First Five Year Plan and one of the largest multi-purpose 
river valley developments in the world. It provides flood control, 
irrigation to 10 million acres, and industrial power. 


Two power stations at the 740-ft. high Bhakra dam will have 
ultimate installed capacity of 935,000 kW. At the left bank 
power station, the Government of Punjab is erecting 5 Hitachi 
vertical Francis turbines. Running at 167 rpm under a normal 
ne JOINT, in rare application to large size effective head of 400 ft., rated output of each unit is 150,000HP. 
osing, means sasier assembly at site, tighter connections. Optimum performance will be maintained throughout severe head 


Factory hydrostati i -secti i ae 
450 oe ee ee ee Sa Cae variations, ranging from 268 ft. to 512 ft. 


High performance, the capacity for early delivery, and the sizable 
saving to the customer in initial capital outlay have given Hitachi 
a prominent position among the world’s hydraulic equipment 
makers. Detailed information on any Hitachi hydraulic equipment 
will be sent on request. 


L.Lte. 


Tokyo Japan 


SHOP ASSEMBLY of Francis turbine for Bhakra power 
station. Hitachi-designed segment-type guide bearings 
and water seal where main shaft passes through head 
cover replace ordinary journal bearings and usual stuff- 
ing box, reducing maintenance. 





SWEDISH STATE POWER BOARD 
. HOLM - 


LANGBJORN HYDROELECTRIC PR 














sa . at 

ee a = Ps 
a 

j R , ee 


VIA STENDHAL 34 MILANO IPALY 





Insulators 


MIZUHO NAGOYA JAPAN 
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be ee: = € oO the Big name behind the Big ropeways 


ROPEWAYS CABLEWAYS 
British Ropeway Engineering Co. Ltd., 
Plantation House, Mincing Lane, London, E.C.3. 
Telephone: MINcing Lane 7901. 
Telegraphic Address: Boxhauling, Fen, London. 
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REMARKABLE PERFORMANCE 


OF ALUMINIUM BRONZE 


0-10 IN. SHELL WITHSTANDS 


Recently we tested to destruction two similar 
hollow castings—one in gun-metal, the other in 
aluminium-bronze. The gun-metal had a wall 
thickness of 0°25 in. and withstood pressures up 
to 4480 Ibs. p.s.i—a very good performance. The 
casting in aluminium-bronze burst at a slightly 
higher pressure (4816 Ibs. p.s.i.) but its wall thickness 
was only 0°10 in. Surely an impressive den:on- 
stration of the weight/strength characteristics of 
this alloy. 

We were one of the first foundries to cast in 
aluminium-bronze and to-day we supply castings 
in this alloy to customers all over the world. 
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TRADE MARK 





T. M. BI 


OVER 2 TONS PER SQ. IN. 


¥HKHHeHHeHEHe He HK 





LEFT Gun-metal O25 in. thick—burst at 
4480 Ibs. per sq. in. 

RIGHT Aluminium-bronze 0°10 in. thick—burst 
at 4816 lbs. per sq. in. 





CASTINGS FROM A FEW OUNCES TO 10 TONS... 


in all non-ferrous alloys. Precision machining. Special- 
ists in aluminium-bronze, centrifugal-cast wheel blanks, 
shell moulded castings and chill-cast rods and tubes. 
Continuous cast phosphor-bronze bars 
up to 12 ft. lengths. 


NON-FERROUS CASTINGS 
HIGH-DUTY IRON CASTINGS 
PRECISION MACHINED 
BUSHES AND BEARINGS 


Send your enquiries to: 
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RKETT, BILLINGTON & NEWTON 11D 


HANLEY & LONGPORT, STOKE-ON-TRENT 
H-ad Office: Hanley, Phone: STOKE-ON-TRENT 22184-5-6-7 Longport, Phone: NEWCASTLE, Staffs 51433-4 





39 








Leffel Turbines 


AT WILBUR DAM 


In 1950, when the Tennessee Valley 
Authority decided to expand the capacity 
of the Wilbur Dam Power station, a Leffel 
vertical shaft propeller-type turbine was 
selected. This turbine is rated at 11,500 
HP, operating at 180 RPM under a net 
head of 67 feet. 


AT CHATUGE DAM 


The Leffel turbine at Chatuge Dam, 
another TVA installation near Murphy, 
North Carolina was also installed in 1955. 
This turbine is rated at 13,000 HP at 180 
RPM under a net head of 100 feet. 


Oem 
—. 


AT NOTTELY DAM 


At TVA’s Nottely Dam on the Nottely 
River near Murphy, North Carolina the 
generator is driven by a Leffel turbine 
installed in 1955. This turbine is rated at 
21,000 HP, operating at 180 RPM under 
a 124 foot net head. 


These three turbines have given entirely 
satisfactory service from their initial 
installation. 


: = a . x * cts *% Sete wy 

. . . AND SO CAN YOU 
Whatever your waterpower requirements you'll find Leffel turbines tops for efficiency 
and reliability. And Leffel engineers, drawing on nearly a century of experience, are 


available without obligation to help you plan the installation which will give you maximum 
power from available water. 


Whether you're planning the rehabilitation or expansion of existing facilities or the 
construction of a completely new installation, be sure to find out what Leffel can do to 
help you. 


THE JAMES LEFFEL & CO. 


DEPARTMENT W e@ SPRINGFIELD, OHIO, U.S.A. 


MORE EFFICIENT HYDRAULIC west 
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structural |” 


FABRICATION 


GALVANISING 


steelWornrk | asus 





by the 


Much of Britain’s Grid and Supergrid systems and 
thousands of miles of overhead transmission lines overseas have 
been installed by the BICC Group which embraces 


BRITISH INSULATED CALLENDER’S CONSTRUCTION CO. LTD. 
and 
PAINTER BROS. LTD. 


These two important members undertake between them the 
design, supply and erection of galvanised structural steelwork 
anywhere in the World. 


CALLENDER-HAMILTON BRIDGES 
GANTRIES 


MASTS & TOWERS 





Re 


Con:ractors : BRITISH INSULATED CALLENDER’S CONSTRUCTION COMPANY LIMITED 
30 LEICESTER SQUARE, LONDON W.C.2. CABLEGRAMS: BICALCON, LONDON. = TELEPHONE: TRAFALGAR 7777 
Stee vork : PAINTER BROTHERS LIMITED, HEREFORD. | TELEPHONE : HEREFORD 3101 
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im Switzeriand 


and the world over 





Bucyrus-Erie excavators 
are consistently preferred 


Five 54-B Bucyrus-Erie 24 cubic yard Ward-Leonard electric shovels 
loading blasted moraine rock for use on the huge concrete dam at 

Grande Dixence, Switzerland, nearly 9,000 ft. above sea-level ; once more, 
and in still another country, proving that Bucyrus-Erie excavators are 
preferred for maximum output and reliability in tough conditions. 





BUCYRUS -ERIE COMPANY 


South Miiwaukee, Wisconsin, U.S.A. | B UCYRU s 





ERIE 


RUSTON-BUCYRUS LIMITED, LINCOLN, ENGLAND 
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Get Faster, 
Easier Cleaning 
with 
ALLIS-CHALMERS 
LEONARD 





TRASH RAKES 











LEONARD rakes operate directly on 
trash rack bars... give you freedom 
of movement that cuts cleaning time 
and labor. On either vertical or inclined 
racks, the rake rides down over stub- 
born obstructions and works them 


loose. 


Initial costs are low. The width of 
Allis-Chalmers rakes is kept to the 
minimum required for handling trash, 
and no channel guides are needed. A-C 
LEONARD rakes are available in stand- 
ard 6-and 8-foot widths. They soon pay 
for themselves in reduced head loss. 


In addition to the standard design 
shown, there are other self-dumping 
rake designs in both log grapple and 
regular types. For complete details, 
consult your nearest A-C office, or 
write Allis-Chalmers, Hydraulic Divi- 
sion, York, Pa. 


LEONARD and ROTOVALVE 














are Allis-Cha!mers trademarks 
pr nr Rovovalve « BallValves + Butterfly Valves + Free-Discharge Valves 
ul lio 2. 2 2 e - . . . . 
Hydraulic Division |XEARIXRERIES Hydraulic Turbines & Accessories +* Pump-Turbines + Pumps + Liquid Heaters 
ENGINEERING FABRICATION 
ALLIS-CHALMERS 
1108 
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GOVERNING 
SYSTEM 





A typical medium-power ‘Gilkes’ Francis turbine 
fitted with GILJET governing equipment. 







This action not only reduces pipeline pressure surges 





The GILJET Governing system provides a simple 




















and effective method of governing Francis turbines to a minimum but also restricts the speed rise to a 
operating on long pipelines. Its basic principle is low figure. For this reason the GILJET has superseded 
the temporary application of a hydraulic load to the conventional relief valve in many hydro-electric 


compensate for the rejection of electrical load. schemes. 


A 3,100 horsepower ‘Gilkes’ Francis 
turbine operating on 340 feet head 
and fitted with GILJET governing. 
This unit is installed in the North 
of Scotland Hydro-Electric Board’s 
Kilmelfort Power Station. The pipe- 
line is 4,700 feet long and there is 


no surge chamber. 





GILBERT GILKES & GORDON LTD 


WATER TURBINE & PUMP MANUFACTURERS 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON W.C.2 Telephone: HOLBORN 3231 


G100 
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BV 


likv SWITCHGEAR 


-. " _— AA CINEHSIONS —almost everywhere - where 11kV supply is required. 
-9¥ BV switchgear has established for itself a reputation for 


€ sum 
reliable service under all climatic and other variable 


conditions. 

The circuit-breaker is interchangeable with those of other 
units of similar current ratings. 

A system of well-designed interlocks ensures the safety of 
the operator in all reasonable circumstances. 

These, and others we would be happy to elaborate 
upon, are the reasons for the popularity of BV switchgear, 
which may be found in service in all parts of the World. 














Manufactured at the Higher Openshaw Works of 


Associated Electrical Industries Limited 
SWITCHGEAR DIVISION 


Higher Openshaw, Manchester - Trafford Park, Manchester - Willesden, London 
F.775 
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More WEWS trom SOY-CULLIVAN / 
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ROCK DRILIS 
GO INTO 
ACTION 


JOY SULLIVAN introduce the first of 

a BIG range of compressed air tools in 

the shape of the SPEEDLINE L.37 and 

L.47 rock drills. Proved on some of 

the world’s toughest projects, hardhitting 
SPEEDLINES are now made in Britain and offered 
for favourable sterling purchase. 


good reasons why SPEEDLINES hit hard—bite deep 


Exclusive to SPEEDLINE drills, DUAL VALVES 
supply air at exactly the right moment — on both up 
and down strokes. Operating independently, DUAL 


VALVES give precise ‘cushion control ~ —extract 
more work from the same air. 

CADMIUM PLATED, SPEEDLINE drills cannot 
support rust, start easily after long idleness. Plating 
acts as extra lubricant for faster, smoother operation. 
Built-in oil reservoir full line-pressure hole 
blowing... one-piece, rubber cushioned steel puller... 
replaceable buffering liner . . . these are some of the 
advance SPEEDLINE features for better footage 
and longer life. 


AIR POWER suUPPLIED & APPLIED BY 


AIR POWER 


piviston _ 





A 35 Ib. class tool with 
power-to-spare for many 
applications. On quarry, 
mine and building site, 
the L.37 makes light 
work of it. 


GPEEOLINE £47 


A husky 50 Ib. class 
drill with the _ perfor- 
mance of many conven- 
tional heavyweights, the 
L.47 drills up to 16 ft. 
in favourable conditions. 
For wet or dry drilling. 


THE SALE? AIRLEG ORI 


for maximum footage in mining 
and tunnelling. One-hand feed 
control, perfect balance, high 
penetration speeds with low 
maintenancecosts...the Air Leg 
Rock Drill removes strain from 
the operator — reduces drilling 
time, a controlling factor in 
Maintaining good cycle times. 


A GOOD BOOK: 

to have on hand is 

the SPEEDLINE 

Rock Drill Catalogue AD 3. 
Ask for your copy from:— 


JOY SULLIVAN LTD. 
Air Power Division 
7 Harley St., London, W.1 
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Doulton heavy duty Post Insulators are in use in all parts of the World for 
isolating switches and busbar supports. The photograph shows 

one of the many installations in New South Wales, Australia, for which 
over 2,000 units were supplied to the Electricity Commission. 





Photograph by courtesy of the Electricity Commission of New South Wales. 


& DOULTON INDUSTRIAL PORCELAINS LIMITED 


TAMWORTH -: STAFFS 


ROYAL DOULTON POTTERIES + WILNECOTE 
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PLANT 
Boone 
Buchanan 
Caonillas 
Chief Joseph 
Clark Hill 
Deer Lake 









Folsom 
Fort Patrick Henry 
Hiwassee 






Hoover 

4. H. Kerr 

Jim Woodruff 
Lower Salmon 







Norris 

Rock Creek 
Santee-Cooper 
C. J. Strike 
Whitney 
Wilson 










Typical Users of 
Newport News Equipment 


LOCATION 
Tennessee 
Texas 

Puerto Rico 
Washington 
South Carolina 
Newfoundland 
California 
Tennessee 
Tennessee 
Nevada 
Virginia 
Florida 

Idaho 
Tennessee 
California 
South Carolina 
Idaho 

Texas 
Alabama 








Engineers . . 


inquiries to Employment Manager 





- Desirable positions avail- 
able at Newport News for Designers and 
Engineers in many categories. Address 



























General view of dam at Grand Coulee, built by the Bureau 
of Reclamation, which utilizes 18 Newport News turbines, 


the most powerful ever built. Nine are 150,000 h.p. units, and 


the other nine are rated at 165,000 h.p. each. 





Turbines designed and built for the world’s largest 
development at Grand Coulee...and for other 
hydroelectric installations in America and various parts 
of the world... bespeak the skill and facilities 

offered by Newport News. 


This trained organization has filled hydroelectric 
turbine contracts with an aggregate rated output 
of 7,000,000 horsepower. 


Other equipment designed and built by Newport News 
includes penstocks, pressure regulators, valves, pumps, 
gates and rack rakes. Upon request, a copy of our 
illustrated booklet entitled “WATER POWER 
EQUIPMENT®” will be sent to you. 


Newport News 
SHIPBUILDING AND DRY DOCK COMPANY 


Newport News, Virginia 
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GLENFIELD 
EQUIPMENT 


for 
Ancillary 


Networks 




















The Glenfield range of water control and associated 


equipment is virtually unlimited. From it can be 





met almost every need for service in aqueducts, 
subsidiary pipelines, pumping stations and domestic 
and fire-fighting systems. 

Only a few examples are illustrated, covering 


Air Valves, Check Valves, Fire Hydrants, Pressure 








Reducing Valves, Relief Valves, single-face Sluices 


and hand operated Sluice Valves. 





GLENFIELD & KENNEDY. LIMITED. KILMARNOCK 








Head Office and Works : KILMARNOCK, SCOTLAND 
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Exciter Shaft 





Forging Turbine Shaft under 
7,000 ton Electro-hydraulic 
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FOR HYDRO-ELECTRIC 
GENERATOR INSTALLATIONS 











Rough machined and black 
forged steel Turbine Shafts, 


22’ 11” long. 





Machining forged stee! 
Thrust Collar, weight 
184 tons. 









in our high quality carbon 






and alloy steels — single piece 





Forged steel Exciter Shafts, 
each weighing 8} tons. 






engineering units up to 175 






tons produced from _ ingots 









weighing up to 300 tons. 


ENGLISH STEEL 


FORGE AND ENGINEERING CORPORATION LTD 
River Don Works, Sheffield 


A wholly owned subsidiary of English Steel Corporation ltd 






52 WATER POWER October :959 
















black 
rafts, 


afts, 
iS. 











WA 
NE 
RA C | ‘ 
ANIA, BULGARIA, AUSTRIA, CZECHOSLOVAKIA, LUXEMBURG, HOLLAND, BELGIUM, DENMARK, ICELAND, | 





Ir 


— en 
A N SS KES mSsSS.-s_C§-@BBSSESSS. SO 
| ae = == ~ —_- 
! S TU =—_ = = = 
ACC : == =— = 
ESSORIES == _ = re 
= 2s =. 
= = 
| Ree. ll =S=- = — 





HYDRO-ELECTRIC UNITS 


















A AAAAAAAAASSAAAANS 








DREES & CO. G.m.b.H. MASCHINENFABRIK Abt. 15, WERL (Kr. bi 


RTI IRBINES ARE RUNNING IN: TURKEY, THE LIBANON, PAKISTAN, IRAN, INDIA. THAILAND, THE 







A, NEW ZEALAND, S. A. U., BELG. CONGO, PORT. ANGOLA, MAURITIUS, MEXICO, COSTARICA, 
LUMBIA, VENEZUELA, ECUADOR, PERU, BRAZIL, THE ARGENTINE, CHILE, GREECE, YUG 
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DESIGN 
FABRICATION 

and 
ERECTION 
of 


fe er 4, 
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PsaKan IRON’ WORKS CO., LTD. 


ESTABE! NED a TSUMORI-CHO, NISHINARI-KU, 
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The long service life which has often 
Kors i-to Moh d-1an Ze late] tr Mel -Laele(-SMalolMelgehZ-12) 
the highly economical use of our steel 


JollerolmelileMelela-tmitlel-te 


ON iile Mcohinl-Mela-toLesie-lalehiskelale mel lailiiag 
of the steel, the high-quality coatings 
and the large variety of socket joints the 
gelato l-meo) me] ele) itxehilolaMe) Minl-Msi-1-1 me yollele}) 
folate Mcoltlt-sa 10] ol-M lam ial-Mil-1(o Mel M-lal-1eeh 7 
el ololNamelaloMaolirilulolilel mime! ilerd 
WTalitulht-to MOL me -Talellal-t-1elale By ol-e 

cialists will advise you on any 


questions. 





PHOENIX-RHEINROHR AG 


VEREINIGTE HUTTEN- UND ROHRENWERKE DUSSELDORF.GERMANY 


Fe 
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SIEMENS 


7.5 million kVA 


is the output of the waterwheel 
generators alone which the 
Siemens-Schuckertwerke have 
supplied for installations in Germany 
and abroad. 

We undertake the planning and 
design, consulting service and con- 
struction supervision of complete 
hydroelectric power plants and supply 
the entire electrical equipment from: 
our own production. 


wy 


>) 





The curve shows the steep rise 
in the number of orders placed with us 
for waterwheel generators 

in the last 50 years, 


SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT 
BERLIN + ERLANGEN 
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28 Miles of 230 kV 
Oil-filled 


OIL-FILLED 






IN 
BRITISH COLUMBIA 


BICC transmission equipment plays a 
large part in the development programme 
being carried out by the British 
Columbia Electric Company. Twenty- 
eight miles of BICC 230kV single-core 
oil-filled cable have been supplied for 
a transmission network from Kidd 
Substation on the north arm of the 
Fraser River to distribution points in 
Greater Vancouver. Another major 
dollar earning contract for BICC 


and Britain. 


power cables 





BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.1 


Branches and Agents throughout the World 
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WATER 


POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 





Water Turbines and Nuclear Reactors 


UCLEAR, hydro-electric fand thermal power 

stations differ materially in the composition of 

their total generation costs, and a clear under- 
standing of these differences is a prerequisite to any 
study of the future development of power supply. Mr. 
P. T. Fletcher, Deputy Managing Director, Industrial 
A Group, United Kingdom Atomic Energy Authority, 
analysed the current position in the United Kingdom 
in a paper read at a conference on Fuel and Power 
convened at Manchester in November 1958. 

The Central Electricity Generating Board has 
ordered two nuclear power stations, each of about 
300 MW capacity, which are now being built at 
Bradwell and Berkeley, and a third station of about 
500 MW capacity at Hinkley Point. The South of 
Scotland Electricity Board has an advanced project 
for a further 300 MW station which will be constructed 
at Hunterston on the Clyde. All these power stations 
are expected to operate under base-load conditions 
with a load factor of 75% or more, and at a generating 
cost per unit of between 0-66 and 0-7 of a penny. 
Much has been said and written in the past about the 
effect that nuclear developments might have on present 
and future hydro-electric schemes, but if the present 
annual increase in demand continues, it is unlikely 
that the United Kingdom will be able to do without 
imported energy unless nuclear power stations are 
greatly extended and gradually take over base-load 
requirements at present satisfied by steam plant. 

Any large-scale production of enriched uranium 
is expensive and a careful assessment is therefore 
necessary to determine the best combination of 
fuel-element form. A more economical reactor is now 
being developed, and a prototype is under construc- 
tion so that further technical information will be 
available to assist nuclear power projects in the late 
1960s. With an ultimate capacity of 600 MW, such 
a reactor should involve less capital investment than 
would a hydro-electric development of equivalent 
installed capacity. A further consideration is, of course, 
that Great Britain has comparatively few sites 
available for hydro-electric generation, except in 
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certain areas of Scotland which are already being 
developed as fast as time and capital permit. It is 
probable that improvements in the design of reactors 
at present available will result in a reduction of at 
least £20 per kW installed as compared to the capital 
cost of existing nuclear plant. If the cost and availa- 
bility of alternative methods of generation are taken 
into account, and bearing mind the present stage of 
nuclear development, a reasonable prediction would 
be that the United Kingdom will install a total of 
about 10,000 MW of nuclear capacity during the late 
1960s and early 1970s. 

It is useful to consider what investment in technical 
effort and money is justified by the future prospect of 
cheaper and more abundant base-load power. 
Allowing for the delay between the allocation of 
credits and the return of benefits to the community, 
expenditure on development will need to be covered 
several times by the total return obtained; for the 
potential saving involved, some £40 or £50 million 
might be justified expenditure. The capital cost of 
building a prototype or experimental reactor is 
usually about £10 million. The cost of the necessary 
ancillary plant for making and processing the fuel, 
and studying its behaviour, and the estimated cost 
of the research work that is a necessary preliminary 
to such development, amount to another £10 million. 
The investment required to produce one prototype 
stage is thus about £20 million and, in the case of 
Great Britain, two concurrent development pro- 
grammes could be justified. One or both of these 
would have to come into commercial operation 
during the period 1965 to 1973, but at least one 
project would have to be put into service early in 
this period to be of any real value to the State. A 
major reactor experiment or a prototype may take 
from three to five years to build, and it is therefore 
clear that there must be an overlap and that if anything 
is to be done at all, it must be done very soon. Research 
on the advance gas-cooled reactor is in progress and 
already occupies one justified place in the programme. 
It is, however, desirable that there should be a second 
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system, possibly along alternative but related lines 
of technical research, and the Atomic Energy Authority 
is at present considering what type of parallel develop- 
ment can be carried out to the best advantage. 

Those unfamiliar with nuclear engineering often 
fail to realise that although a reactor may be a 
miraculous piece of machinery, it still requires 
fuel of some kind in varying quantities. When sup- 
plies of uranium were becoming uncertain some 
years ago, both the British and American Govern- 
ments took steps to support the development of 
uranium production, with the result that it now 
seems unlikely that there will be any shortage for 
many years to come; another factor in this increased 
production will eventually be a fall in price on the 
international uranium market. 

The fissile part of natural uranium is U235 and in 
the natural state it exists as one-hundred-and-fortieth 
part. In the western world, only the United States 
and Great Britain have diffusion plant capacity 
available in which to process natural uranium to 
increase the ratio of U235 to U238 (enriched uranium) 
and, in the same geographical area, these two coun- 
tries have a virtual monopoly of the supply of this 
refined product. The construction of diffusion plant 
is extremely difficult, demanding a very large financial 
investment and vast reserves of labour; another 
important requirement is power on a large scale at 
the right time and place, so that hydro-electric 
development and construction of thermal plant must 
continue unabated if a balance of production and 
consumption in nuclear development is to be achieved. 

The foregoing facts, culled from Great Britain as 
one of the pioneer countries in nuclear development, 
give some indication of the pattern of progress as 
it is likely to reveal itself in power-hungry countries 
throughout the world. Nuclear power is bound 
increasingly to influence the form and scope of 
hydro-electric development, and _ water-power 
engineers will find it increasingly important to keep 
themselves informed as to the growing potentialities 
of nuclear power. What we do foresee—and what, 
indeed, is already taking place—is a phenomenal 
increase in the number and size of pumped-storage 
schemes, many of them in countries with little or no 
indigenous water power. 


Refitting the Ybbs-Persenbeug Floating 
Crane for Aschach 


In view of the imminent start being made on the 
new Danube power station at Aschach, Oe6ester- 
reichische Donaukraftwerke A.G. have had the 
200 ton floating crane, which proved of such good 
service at Ybbs-Persenbeug, refitted on to a new 
pontoon. The original pontoon consisted of twin 
hulls connected by robust lattice bracing, but the 
new pontoon is a single shell 38 m. long, 16-2 m. wide, 
and 3-3 m. high at the sides. The power plant housed 
inside the hull has two 125 kVA diesel-driven a.c. 
generators, which can also supply installations 
erected on the banks of the river. Accommodation 
for the crane driver, as well as baths, kitchen and 
a rest room for a crew of seven to eight men, are 
also provided on board. The useful lifting capacity 
of the crane remains unchanged at 200 tons but the 
reach of the jibs has been increased from 4-7 to 1] m., 
and auxiliary lifting capacity is now 20 instead of 


364 





15 tons. The crane recently underwent its load tes.s 
at the Linz Danube shipyard, and should by now have 
reached the Aschach construction site. 


New Orrin Station, Scotland 


Tue North of Scotland Hydro-Electric Board have 
brought into commercial operation their Orrin power 
station in Ross-shire. The station has a capacity of 
18,000 kW in one unit and operates under a gross head 
of 728 ft. It is built of pink sandstone and is situated 
on the shore of Loch Achonokie, the reservoir formed 
by the Torr Achilty dam. 

The Orrin scheme involved the construction of two 
dams in Glen Orrin forming a reservoir five miles long 
to provide storage of over 2,000 million cu. ft.; a 
concrete lined pressure tunnel 34 miles long and a 
steel pipeline leading down to the turbine. In addition, 
there are six miles of concrete pipe aqueducts to 
collect water from adjacent rivers. The total catchment 
area is about 54 sq. miles. A new type of Borland fish 
pass has been designed to take account of the con- 
siderable variation which is expected in reservoir 
levels, and about five miles downstream from the dam, 
the Orrin Falls, which have always provided quite a 
formidable obstacle for ascending salmon, have been 
modified to facilitate the ascent of fish under the new 
water-flow conditions. 

The civil engineering consultants for the scheme 
were Sir Alexander Gibb & Partners whose architects 
were also responsible for the architectural treatment 
of the various structures; the mechanical and electrical 
consultants were Messrs. Merz & McLellan. The 
main contractor for both dams was Duncan Logan 
Limited, Muir of Ord; for the tunnel, Whatlings 
Limited; and for the pipeline, the North British 
Locomotive Co. Ltd. The 18,000 kW alternator was 
manufactured by Bruce Peebles & Co. Ltd., of Edin- 
burgh, and the vertical Francis turbine by the Harland 
Engineering Company of Alloa. The steel linings used 
in the fish pass were supplied and erected by P. & W. 
MacLellan Ltd., and the hydraulic control equipment 
by Glenfield & Kennedy Ltd. 


Canada’s Bridge River Development 


Work on B.C. Electric’s Bridge river No. 2 
hydro-electric power development is progressing on 
schedule in all phases and the $57 million project is 
well on the way to completion. This consists of the 
Mission dam which forms a reservoir of 750,000 
acre feet with its 2} mile diversion tunnel under 
Mission mountain. This tunnel, having a 40,000 cu. 
yard concrete lining, will divert water from the 
Bridge river to the powerhouse on Seton Lake. There 
are footings for the twin mile-long penstocks to 
direct the fall of water from the tunnel to the power- 
house situated over 1,300 ft. below. In the powerhouse 
building the installation of two generating sets with 
their transformers and other auxiliaries is nearly 
completed. 

This is the second stage of the Bridge river develop- 
ment. Bridge No. |, using water stored behind LaJoi= 
dam, 40 miles upstream from Mission dam, 
currently producing 248,000 h.p. 

Completion of the second phase of the project wi 
add another 345,000 h.p. to the output capacity « 
the area. 
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By 1960, there will be over 2 billion kWh of energy 
transported to the lower mainland and Vancouver 
Island annually from the area. 


Effects of Hydro-Electric Projects 


In New Zealand the Government is to call a confer- 
ence of interested organisations, including Govern- 
ment departments, to discuss the conservation of 
scenic resources and the prevention of damage as a 
result of hydro-electric and industrial development. 

Although the Prime Minister, Mr. Walter Nash, 
announced that first consideration must be given to 
the power and industrial needs of the country, it was 
necessary to avoid any resultant damage to New 
Zealand’s scenery. The chairman of the conference 
will be the Minister of Works and Electricity, Mr. 
Hugh Watt, who will have with him the Minister in 
charge of Tourist and Health Resorts, Mr. John 
Mathison. Representatives of the New Zealand 
Electricity Department, Ministry of Works, Depart- 
ment of Tourist and Publicity, New Zealand Forest 
Service, and Department of Maori Affairs will attend 
the conference. 

A good deal of concern has been expressed by 
interested parties at the possible effect of development 
programmes on our scenic resources, Mr. Nash added, 
and this concern has been increased by the Govern- 
ment’s intention to provide additional electricity by 
erecting a power station on the Waikato river near 
the Aratiatia Rapids. 


Noxon Rapids Completed 


Tue Morrison-Knudsen Company, Inc., has now 
virtually completed the Noxon rapids project for the 
privately owned Washington Water Power Company. 
The dam stands 265 ft. high and has a total crest 
length of more than a mile, the central concrete 
spillway and offtake section being 1,130 ft. long. 
Compacted earth embankments flank either side of 
this central section which contains an open-type power 
house which will produce 400,000 kW in four units. A 
fifth generating unit will be added later to bring the 
ultimate output up to 500,000 kW. In all, 560,000 
cu. yd. of concrete have been placed and nearly 
3 million cu. yd. of earthfill material. The prime 
contract amounted to about $21 million and the 
project has taken about 34 years to build. 


New Hydro-Electric Station in Jamaica 


Tue Maggotty water-power scheme is being under- 
taken by the Jamaica Public Service Co. Ltd. and will 
comprise a 6 MW generator driven by a Francis 
turbine supplied by The Harland Engineering Co. 
Ltd. of Scotland. It generates at 6°9 kV at 40/50 cycles 
when running at speeds of 400/500 r.p.m. respectively. 
The static head is 313 ft. and the turbine is connected 
to the reservoir by means of a pipeline 7,600 ft. long. 
This is variously composed, the upper 700 ft. con- 
sisting of concrete, 7 ft. in diameter, while the middle 
Stage consists of 5,000 ft. of wood-stave piping, 
6 ft. 6 in. in diameter. The lowermost section is 
constructed in steel and ranges from 6 ft. 6 in. dia- 
meter at the upper end to 5 ft. 10 in. at the point at 
which it is connected to the turbine, it was manu- 
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factured by McClellans of Glasgow who also supplied 
the surge tanks. The pipeline was laid by Reginald 
Aitken Limited of Jamaica and other components, 
such as the switchgear, were supplied by the English 
Electric Co. Ltd. 

For these particulars we are indebted to Barclays 
Bank, D.C.O.’s_ office, Kingston, Jamaica. The 
Maggotty scheme will be the largest station on the 
island and is expected to be commissioned towards 
the end of the present year. 


Rainfall Control in Australia 


Raty-MaKING experiments extending over two 
years will be started by Australia’s Scientific and 
Industrial Research Organisation next month in the 
catchment area of the Warragamba dam, west of 
Sydney. 

This is the fifth region selected for rain-making 
experiments. The others are in South Australia, in 
the Snowy Mountains and New England areas of 
New South Wales, and the Darling Downs, Queens- 
land. 


Snowy Mountains Tunnel Completed 


Hicu in the Australian Alps, in the southern part 
of New South Wales, a ceremony was held recently 
to mark the completion of the first stage of the Tooma- 
Tumut pond diversion in the Snowy Mountains 
hydro-electric and irrigation scheme. The ceremony 
marked the break-through of the first 44 mile “leg” 
of the 9-mile tunnel which will take water from the 
Tooma river to the power station at the headwaters 
of the Tumut. The second section is expected to be 
completed early next year. Last week the contractors 
set a world tunnelling record of 500 ft. for a week. 

When the diversion is fully in operation, in 1961, 
about 230,000 acre ft. of water will be diverted each 
year from an earth-and-rock-fill dam on the Tooma 
river to Tumut pond, where it will run through the 
power station. This electricity will be fed into the grid 
systems for New South Wales and Victoria. The water 
will then be used for irrigation purposes of farmland 
along the Murray river valley. 


Swedish and Norwegian Developments 


THE first of the three Kaplan turbines for the 
Swedish power plant, Bjurfors Nedre, was put into 
commercial operation on September 1. All three units 
are scheduled to be in service by March 1, 1960. 
Each turbine has an output of 33,850 h.p. at 19-5 m. 
(64 ft.) head and a speed of 125 r.p.m. 

During August the second KMW turbine in the 
Aunfoss power station in Norway was put into 
service 14 days earlier than originally planned. This 
plant has two Francis turbines, each with an output 
of 19,000 h.p. at 27 m. (89 ft.) head and a speed of 
150 r.p.m. The first unit was commissioned in May 
this year. 


Fast-Response Static Automatic Voltage Regulators 
for Hydro-Electric Stations. In connection with this 
article, which appeared in our September issue, 
it should have been stated that the author, 
Mr. D. C. Evans, is a member of the staff of The 
English Electric Co., Ltd. 
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The Pressure-Time Method for Measuring 


Flow in Penstocks 


By H. G. BAYLEY, The University of Sydney, Australia 


HE pressure time (or Gibson) method for measur- 

ing water flow in closed conduits is described in 

commendable detail in a paper’ by its originator, 
and a large number of practical precautions to be 
observed in its use are set out in the “A.S.M.E. Test 
Code for Hydraulic Turbines.” The following discus- 
sion arises from experience gained during what is be- 
lieved to have been the first use of this method in 
Australasia, for the testing of a 10,000 h.p. Francis 
turbine at Wyangala Dam, New South Wales, Aus- 
tralia. 

The Gibson Apparatus constructed for Wyangala 
was a very close copy of the robust type of apparatus 
described and illustrated in N. R. Gibson’s paper.’ 
In this type of apparatus, continuous pressure varia- 
tions are recorded by photographing the motion of 
the mercury meniscus in one leg only of a U-tube 
manometer. If the two legs of the manometer are not 
of strictly uniform cross-section, an error is intro- 
duced which must be taken into account. 

As the differential method was used in the Wyan- 
gala tests, it was possible to use glass tubes for both 
legs of the mercury manometer. The two tubes, each 
194 in. long, were both to be of 4 in. bore so that R, 
the ratio of tube areas,’ would be unity. A number of 
different glass tubes of 4 in. bore (nominal) were ob- 
tained and closely examined, but all the tubes avail- 
able were found to be of non-uniform bore. The best 
tubes available at the time were actually boiler gauge- 
glasses, and a report by the National Standards 
Laboratory, Sydney, on the two best tubes, read as 
follows: 

“The internal diameter of the two tubes was 
examined and in each case the diameter in any one 
plane was found to vary by approximately 2%. The 
tubes were found also to be barrel shaped, the internal 
diameter near the ends being substantially less than 
that near the middle of each tube.” 

The method of determining R was as follows: a 
static head was applied by small increments to the 
inner tube of the manometer. After each increment of 
static head, the meniscus of the inner tube was photo- 
graphed on a film while the corresponding position 
of the meniscus of the outer tube was measured. A 
scelerometer is ideal for this measurement. For any 
given increment of head, the ratio of the depression of 
the meniscus in the inner tube (measured from the 
film) to the corresponding change in position of the 
meniscus in the outer tube gives the desired value of 
R. 

As was anticipated from the irregularities in the 
bores of the manometer tubes, R was found to vary in 
an irregular fashion. By plotting as ordinates “inner 
tube meniscus position (below a given datum)” and as 
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abscissae “outer tube meniscus position (above cor- 
responding datum),” the points plotted did not lie on 
a straight line. Further, the points indicated that this 
variation of R is not one which lends itself to mathe- 
matical analysis. 

The difficulty was dealt with as follows: values of R 
for successive increments of head were determined as 
explained above, and tabulated. Where a value of R 
departed from the arithmetic mean value by an 
amount which suggested that an error of observation 
may have been made, this value was rejected. The 
arithmetic mean of the remaining values of R was 
found and the deviations from the mean were studied. 
It should be noted that a separate determination of R 
must be made for every different quantity of mercury 
used in the manometer. 

As an example of the degree of error involved, for 
one particular quantity of mercury, the mean value of 
R was calculated to be 1-0256 with several deviations 
of both plus and minus 1%, and one deviation of 
minus 1:5%. Thus the error of (1+ R) was quite likely 
to be 0-5% and the uncertainty in the final figure for 
flow was of the order of 0:-5% due to the variation 
of R. 

If the pressure-time method is to be used for accep- 
tance tests of a turbine, then 0-5% is too high a value 
of probable error for (1+ R), and the following alter- 
native treatment is suggested. 

Because of the variation of R, the pressure scale of 
the pressure-time diagram is not uniform, and the 
ordinates of the pressure-time curve should be ad- 
justed to correspond with a constant value of R (say 
1.0). In other words, the curve should be replotted to 
a uniform scale of pressure. By an extension of the 
method for determining values of R elaborated above, 
a correction graph may be derived. This graph would 
be “% correction to be applied to pressure ordinate” 
versus “ordinate,” and would facilitate the adjustment 
of the pressure-time curve to correspond with a uni- 
form R= 1-0. 

At first sight, this correction procedure appears 
rather tedious. However, when making photographic 
prints of a pressure-time diagram from a negative film, 
irregular shrinkage of the prints was suspected, and in 
order to obtain an identical reproduction of the nega- 
tive film it was found necessary to trace carefully the 
diagram by hand on tracing paper. So the suggested 
corrections to the pressure ordinates may be applied 
as the diagram is being traced. 


REFERENCES - 
1 N. R. Grsson: The Gibson Method and Apparatus for 
Measuring Flow of Water in Closed Conduits, Trams. 
A.S.M.E., Vol. 45, 1923, page 343. 
2 See Reference “), page 357. 
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Fig. 1. Emerald dam in course of construction 


Kundah Hydro-Electric Project 


Technical particulars are given of this scheme, 
which will be of great importance to Madras State 


By A. DHARMALINGAM 


HE Kundah hydro-electric project in the Nilgiris 

T istrict of the Madras State (India) is one of the 
many projects mentioned by Mr. J. W. Meares, 
who was in charge of a hydro-electric survey of India 
about forty years ago. In his “Preliminary Report on 
the Water Power Resources of India,” published in 
1919. Mr. Meares envisaged a station of only about 
15 MW in the Kundah basin, utilising a head of 
3,000 ft. This low estimate, however, has been con- 
siderably increased as a result of bringing in the 
waters from neighbouring basins; the scheme has 
consequently been enlarged and a firm power of 129 
MW is anticipated with an installed capacity of 180 
MW in the first two stages. This increase has been 
made possible by systematic investigations into possi- 
bilities of developing power from several rivers in 
this region, and hydrometric observations have been 
recorded over a long period. This project is the sixth 
of its kind undertaken by the Madras Electricity 
Department and is the biggest in the Madras State. 
lhe history of Kundah scheme may be traced from 
about 1921 when a concession for developing power 
from the Kundah waterfalls was given to the Tata 
Iron and Steel Company. This concession had to be 
withdrawn later as no attempts were made by this 
Company to develop power. Subsequently the Madras 
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Government took upon themselves the task of devel- 
oping power, and as a result, the Pykara, Mettur and 
Papanasam schemes were undertaken and completed 
in 1932, 1936 and 1944 respectively. 
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Fig. 2. Location map of Kundah project 
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The scheme was 
investigated in detail 
during the First Plan 
period. A report was 
submitted to the 
Government of India 
and the Central Water 
and Power Commission, 
New Delhi, in January 
1952. The scheme was 
revised after scrutiny by 
the Commission and was 
sent to the Union 
Government in Febru- 
ary 1954 after incorpor- 
ating the suggestions of 
Mr. Monkhouse, a 
hydro-electric expert 
from New Zealand, who 
visited the Kundah 
valley and studied the 
scheme in all its aspects 
in relation to the find- 
ings of the Indian engi- 
neer. The National 
Planning Commission 
at Delhi approved the 
scheme and recommen- 
ded it to the Govern- 
ment of India, who, in 
their turn, sanctioned 
it in September 1955. It 
is estimated to cost Rs. 
35-44 crores for the 
initial phase now under 
execution. 

On account of the 
difficult foreign ex- 
change position, the 
scheme was_ included 
among others for aid 
from the Canadian 
Government under the 
Colombo Plan. In De- 
cember 1955 a team of 
Canadian experts 
inspected the project 
sites and after acquaint- 
ing themselves with the 
details, gave a favour- 
able report to their 
Government about its 
technical soundness. 
The Government of 
India then sent a dele- 
gation to Montreal, 
headed by Mr. C. V. 
Narasimhan, I.C.S., the 
then Joint Secretary of 
the Union Ministry of 
Finance together with 
the State Chief Engineer 
for Electricity, Mr. V. P. 
Appadurai, to negotiate 
the terms of the aid; 
this was in May 1956. 
The mission proved 
very successful; the 
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Fig. 4. Profile diagram (not to scale) of the Kundah development 


Fig. 5. A view of Avalanche dam under construction 


Government of Canada, who originally contemplated 
giving about $14 million finally agreed to allot about 
$20 million worth of machinery to the project. The 
delegation returned to India during June 1956 and 
after the terms of the agreement were finalised, the 
scheme was formally inaugurated on June 29, 1956, 
by Mr. C. D. Deshmukh, the then Union Finance 
Minister. 


Location 

The Kundah basin is located in the Western Ghats 
of India and is situated to the south-east of the 
Pykara basin in the Nilgiris, where a power generat- 
ing station is already in existence. Two streams, the 
Avalanche and the Emerald, rise amidst a group of 
high peaks which include the Devabetta, Karaikadu, 
Koulinbetta and Porthimund, all being over 8,000 ft. 
in height, combine to form the Kundah river. After 
the confluence of the two streams the Kundah takes 
a south-easterly course and is joined by the Sillahalla 
near the village of Manthanai, which is situated at 
an altitude of 6,000 ft. The river has a fall of about 
200 ft. near this point and runs in cascades for about 
2,000 ft. to the bridge near Kundah village, where it 
is joined by the Kanarahalla stream. Below this 
confluence the river again runs in cascades till it 
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reaches an elevation of 2,100 ft. above sea level where 
it is joined by the Pegumbuhalla stream. Beyond here 
it runs in rapids for about a mile and a half, and 
later follows an easy gradient, down to the junction 
with the Bhavani river at an elevation of 1,340 ft. 

The scheme has been formulated in such a manner 
as to utilise the water sources of the several basins as 
exhaustively as possible, consistent with economy. As 
the hydro-electric potential of the southern parts of 
the Madras State is not large it is considered impor- 
tant that the various stages of the Kundah project 
do not adversely affect the fullest development of 
the hydro-electric potential of the Nilgiris region as 
a whole in the ultimate stage. Keeping this factor in 
mind, the scheme has been so designed as to utilise 
the flow on a 50% per annum basis, and common 
works such as flumes, tunnels, etc., are constructed 
in the initial stage as they cannot be expanded later 
The storages provided initially are on a 70% per 
annum basis, leaving additional storages to be 
built up in the tributary basins as and when found 
necessary. 


Salient Features 


It has been proposed to develop the catchment area 
in four stages and establish three power stations utilis- 
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ing a gross head of about 5,200 ft. The first two stages 
have been taken up for execution simultaneously. 
The salient features of the first two stages are: 

(1) A combined storage across the Avalanche and 
the Emerald streams with a capacity of 5,500 
million cu. ft. 

(2) Storage reservoir on the Upper Bhavani catch- 
ment with a capacity of 3,572 million cu. ft. 

(3) An unlined tunnel connecting the Upper Bha- 
vani reservoir to the Avalanche valley. 

A low-pressure tunnel from Avalanche reser- 
voir to surge tank No. | near Yedakadu village. 
whence the penstock line is laid to power house 
No. 1. 

Power house No. | on the right bank of Kundah 
river with a gross head of 1,180 ft. and two 
generators of 24 MVA capacity each. 
Forebay dam for power house No. 2 across the 
Kundah river near the Kundahpalam village to 
collect the tailwaters from power house No. 1, 
and the river flow from 44 sq. miles of catch- 
ment below the Avalanche and Emerald reser- 
voirs. 

(7) Low-pressure tunnel from forebay to surge 
shaft No. 2 and four penstocks thence to power 
house No. 2. 

(8) Power house No. 2 on the left bank of Pegum- 
buhalla stream utilising a gross head of 2,470 
ft. with four generators of 42 MVA each. 

The Emerald and Avalanche dams are of the stone- 

masonry gravity type providing a total useful storage 


Fig. 6. The portal of tunnel No. 1 
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of 5,400 million cu. ft. The Avalanche dam is of the 
spillway type whereas that across the Emerald is not, 
the two reservoirs being interconnected by a tunnel 
through the dividing low ridge between them. The 
two dams will be of random-rubble masonry in 
cement mortar, which is a special feature of dam 
construction in South India in contrast with the prac- 
tice in the rest of India where either concrete or earth 
dams are built. The Avalanche and Emerald dams 
are considered to be the highest gravity dams so far 
built in Madras State. 

The Avalanche dam has a central spillway and 
will be 1,200 ft. long at the crest and 194 ft. high 
above the deepest foundation level. The crest is 21 ft. 
wide and is designed for a roadway 18 ft. wide. The 
spillway is 76 ft. long, surmounted on the crest by 
two roller gates each 30 ft. long and 20 ft. high for 
discharging the maximum flood flow of 24,000 cusecs. 
Over the spillway a gearing platform is provided with 
arrangements for operating the gates either by hand 
or electrically. A road bridge is provided over the 
spillway to carry an 18 ft. wide roadway. The sill 
level is at an elevation of 6,350 ft. 

A scour vent measuring 5 ft. by 7 ft. is provided 
to the right of the spillway with a cut-off gate and 
coarse screen in front. A 10 ft. diameter steel pipe 
emerges from the right of the dam and leads to a low- 
pressure tunnel which eventually connects with No. 1 
power house. The steel pipe intake of the tunnel is 
protected by a cut-off gate having fine screens in 
front. The tunnel is designed for a peak-load flow of 
750 cusecs and the size of the screens is designed to 
admit the maximum flow with a velocity of 3 ft. per 
sec. assuming 50% to be choked. 


Details of Avalanche Dam 
Full reservoir level: 6,515 ft. 
Top of dam: 6,520 ft. 
Crest length: 1,200 ft. 
Crest width: 21 ft. 
Spillway length: 75 ft. 
Spillway crest level: 6,495 ft. 
Height of crest gates: 20 ft. 
No. of gates and width: 2 x 30 ft. 
Top of gear platform: 6,528 ft. 
Deep bed level: 6,342 ft. 
Deepest level of foundation: 6,326 ft. 
Front batter: 1 in 10. 
Rear batter: 0-8 to 1. 
1. Width of non-overflow section: 166 ft. 
2. Width of spillway section: 172 ft. 
Size of scour vent: 5 x 7 fet. 
Sill of scour pipe: 6,350 ft. 
Diameter of tunnel intake: 10 ft. 
Sill of tunnel intake: 6,360 ft. 


Emerald Dam 

The Emerald dam also of masonry with a random 
rubble filling in cement mortar is 1,060 ft. long at the 
top and 203 ft. high above deepest foundation level. 
The width of the crest is 21 ft. and carries a roadway 
18 ft. wide between parapet walls. The full reservoir 
level is 6,515. A 5 ft. by 7 ft. scour vent is also pro- 
vided and will serve to discharge water from the dam 
when required. The water to power house No. 1 how- 
ever, will, only be drawn from the Avalanche dam 
which will be fed by the Emerald dam through the 
interconnecting tunnel. 
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Details of Emerald Dam 
Full reservoir level: 6,515 ft. 
Crest level: 6,520 ft. 
Crest length: 1,060 ft. 
Crest width: 21 ft. 
Width of roadway: 18 ft. 
Deep bed of the river: 6,331 ft. 
Deepest foundation level: 6,317 ft. 
Front batter: | in 10. 
Rear batter: 0-8 in 1. 
Maximum width of dam foundation: 
Siz2 of scour vent: 5 ft. x 7 ft. 
Sill level of scour pipe: 6,336 ft. 


174-1 ft. 


Upper Bhavani Dam and Tunnel 

A masonry dam with a length of 1,400 ft. and a 
height of 200 ft. above bed level and about 240 ft. 
above deepest foundation level will be constructed 
across the Upper Bhavani river which intercepts a 
catchment area of 12:8 sq. miles. The gross capacity 
of this reservoir will be 3,572 million cu. ft. This dam 
will be of the straight gravity type provided with a 
spillway for taking care of the maximum flood dis- 
charge. An earthern bund will be constructed across 
a low saddle on the western side. The storage from 
this reservoir will be diverted to the Avalanche reser- 
voir through a tunnel 8,450 ft. long and having a 
cross-sectional area of 59 sq. ft. 

Tunnel No. 1. The water from the Emerald and 
Avalanche reservoirs is taken through a tunnel having 
a horseshoe section and an equivalent diameter of 
9 ft. 74 in. The tunnel is 15,500 ft. long and has a 
maximum discharge capacity of 750 cusecs. In view 
of the great length of the tunnel, excavation is being 
simultaneously carried out on eight faces. The tunnel 
commences with a 10 ft. diameter steel pipe for a 
distance of 505 ft. and the rock excavation then 
begins. A reinforced concrete lining is inserted for a 
distance of about 7,400 ft., and the remaining portion 
will be lined with concrete without reinforcement. 

This tunnel ends in a surge shaft which is 28 ft. in 
diameter in the earth covering and 25 ft. in diameter 
in the rock. It is 275 ft. deep and the walls are lined 
with concrete reinforced with { in. and 1 in. diameter 
rods. 


Penstock 1. The water is taken from the surge shaft 
through a 9 ft. diameter steel lining for a length of 
about 800 ft. At the end there will eventually be a 
trifurcating manifold, each branch of which will be 
fitted with a 63 in. butterfly valve, an 18 in. air valve 
and the necessary metering equipment, these are all 
stationed in a valve house. Two steel penstocks, rang- 
ing from 63 in. to 51 in. in diameter and 8. in. to 4 in. 
in thickness carry the water from the valve house to 
the power house No. 1. The pipes are made from 
high-tensile steel having a yield strength of 90,000 Ib. 
per sq. in. This is three times the yield strength of 
ordinary mild steel and is stated to be readily weld- 
able without preheating or stress relieving, it is also 
claimed to have an atmospheric corrosive resistance 
four times that of carbon steel. The total length of 
the pipeline is about 3,300 ft. Two penstocks are 
being laid initially and will feed two generating units, 
provision having been made for three more ulti- 
mately. The pipes are supplied by the Davie Ship 
Building Company of Canada. 
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Details of Tunnel and Penstock No. 1 
Tunnel length: 15,500 ft. 
Size: Horseshoe (9 ft. 74 in. by 9 ft. 74 in.). 
Discharge: 750 cusec. 


Penstocks 
Reach one. Length: 1,073 ft. 
Diameter: 5 ft. 3 in. 
Thickness: vs in. to } in. 
Reach two. Length: 1,354 ft. 


Diameter: 4 ft. 9 in. 
Thickness: 3 in. to 4 in. 
Length: 820 ft. 
Diameter: 4 ft. 3 in. 
Thickness: + in. to ¥ in. 
No. of valves: 3. 


Reach three. 


Power House No. 1 and Headworks 

This power house has a structural-steel frame and 
stone-masonry walls; it is 202 ft. long, 78 ft. wide 
and about 50 ft. high from generator-floor level. It is 
designed to accommodate all three generating units 
of the ultimate stage of development. Initially there 
will be two generators of 20 MW capacity utilising a 
gross head of 1,180 ft. The power plant will consist 
of two multiple-jet impulse turbines supplied by 
Dominion Engineering Company of Canada, each 
coupled to 20 MW, 11 kV, 50 cycle, three-phase 
generators of Canadian Westinghouse manufacture. 
The transformer yard is close to the power station. 
There will be six 8,000 kVA, 11/110 kV single-phase 
transformers manufactured by the Canadian General 
Electric Company. Provision has been made for three 
more single-phase transformers to be installed at a 
later date. 


DETAILS OF PLANT IN No. | PoweR House 
Turbine: Dominion Engineering Company of Canada. 

Type: Impulse, Pelton, vertical. 

Rating: 28,750 h.p. Net head 1,040 ft. Q=270 cusec. 

Composition of runner: Carbon 0-12%, nickel 0-93%, 
manganese 0:57%, phosphorus 0-036%, silicon 
0-36%, sulphur 001%, chromium 12:9%. 

Penstock drain: Drained through turbine by opening 
the needles with the deflectors in the jets. 

Runner removal: Runners removed through the dis- 
charge passage on the downstream side of the tur- 
bine. 

No. of jets: 5. 

Specific speed per jet: 5:5. 

Speed: 428-5 r.p.m. 

Runaway speed: 775 r.p.m. (at a net head of 1,180 ft.). 

Stress of runaway speed: 13,000 Ib. per sq. in. (factor 
of safety at yield point 5-0). 

Net weight of runner: 7,000 Ib. 

Ratio of pitch diameter to jet diameter: 10°3:1. 

Inlet valves: Single-seat (36 in. spherical valves). 


Governor 
Type: Woodward Cabinet. 
Rating: 76,000 ft. lb. 
Operating pressure: 250 lb. per sq. inch. 
Weight of turbine: 110-5 tons. 
Weight of shut-off valve: 30-13 tons. 


Generators 

Capacity 24,000 kVA (20,000 kW), 11 kV at 0°9 pf. 
(Canadian Westinghouse International Co.). 

WR?: 1:7 x 10° Ib. ft.?. 

Resistance of armature: 0-0175 ohms at 75°C. 

Leakage of reactance drop: 9°8%. 

Diameter of shaft: 17 in. 

Diameter of rotor: 116 in. 

Weight of the entire unit: 146 tons. 
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Kundah Forebay Dam 

A forebay for the No. 2 power house is being 
formed near Kundahpalam village by constructing a 
masonry diversion weir across the Kundah river. This 
intercepts the tailrace water from the No. 1 power 
house and also the flow from the free catchment area 
(44 sq. miles) below the Avalanche and Emerald 
reservoirs. The forebay, with a storage capacity of 55 
million cu. ft., is 490 ft. long and 15 ft. wide at top. 
The height of the dam is about 85 ft. It has a spill- 
way 95 ft. in length and a scour vent 12 ft. by 8 ft. 


Details of Forebay Dam 
Catchment area up to Kundahpalam: 44 sq. miles. 
Full reservoir level: 5,330 ft. 
Length of dam: 490 ft. 
Deepest foundation level: 5,240 ft. 
Top of dam: 5,335 ft. 
Crest of spillway: 5,300 ft. 
Crest gates: Two (40 ft. x 30 ft.) 
Intake—size: One No. 11 ft. 3 in. x 11 ft. 3 in. 
Scour vent—size: One No. 8 ft. x 12 ft. 
Intake emergency gate: 11 ft. 3 in. x 14 ft. 9 in. 
Scour vent: 8 ft. x 15 ft. 8 in. 
Screens for intake: 22 ft. x 40 ft. 
Screens for scour vent (four): 11 ft. x 40 ft. each. 


Tunnel No. 2 
_ A low-pressure horseshoe-shaped tunnel, 12,390 ft. 
1 length and fully lined with concrete, is under con- 
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Fig. 7. Forebay dam at Kundahpalam, under construction 





struction to connect the above forebay with a surge 
shaft sunk in a hillock overlooking the Pugumbuhalla 
valley about 2,800 ft. above sea level. This tunnel is 
designed for an ultimate discharge of 1,000 cusecs. 
The surge shaft is of 40 ft. internal diameter and is 
partly underground and partly aboveground, fully 
lined with reinforced concrete. Four penstocks initi- 
ally and five more in the ultimate stage will leave this 
surge shaft to feed the turbines in power house No. 2. 


Details of Tunnel No. 2 
Length: 12,390 ft. 
Size: Horseshoe (11 ft. by 11 ft.), 102°21 sq. ft. 
Discharge: 1,000 cusec. 


Low-pressure pipeline 
Length: 655 ft. (mild steel). 
Diameter: 11 ft. 3 in./10 ft. 9 in. 
Thickness: 4 in. to ~ in. 
Total weight: 240 tons. 


High-pressure pipeline (T, steel) 

1. Reach one: Length: 1,311 ft. (4 pipes). 
Diameter: 4 ft. 9 in. 
Thickness: 1s in. to ye in. 
Weight: 523 tons. 

Length: 2,212 ft. (4 pipes). 
Diameter: 4 ft. 3 in. 
Thickness: 3 in. to ¢ in. 
Weight: 1,055 tons. 


2. Reach two: 











3. Reach three: Length 1,733 ft. (4 pipes). 
Diameter: 3 ft. 9 in. 
Thickness: ¥s in. to } in. 
Weight: 1,062 tons. 


Surge Shaft and Pipe Tunnel 

Tunnel No. 2 ends in a surge shaft which is par- 
tially constructed in rock. The upper part is 40 ft. in 
diameter to a depth of 87 ft. from the surface and 
25 ft. in diameter below this point. The total depth 
of the shaft is 225 ft. 


Power House No. 2 

The power house has a structural-steel frame and 
masonry walls and is 302 ft. long, 78 ft. wide and 
about 50 ft. high above generator floor. This will 
ultimately house five generators of 35 MW each, 
there being only four initially. 


Details of Turbine (Dominion Engineering Company of 

Canada). 

Type: Vertical Pelton. 

Rating: 50,000 h.p. Net head 2,340 ft. Q= 196 cusec. 

Composition of runner: Carbon 0:12%, nickel 0-93%, 
Manganese 0:57%, phosphorus 0-036%, silicon 
0-36%, sulphur 0-01%, chromium 12:9%. 

Penstock drain: Drained through turbine by opening 
the needles with the deflectors in the jets. 

Runner removal: Runners removed through the dis- 
charge passage on the downstream side of the tur- 
bine. 

No. of jets: 3. 

Specific speed per jet: 3-399. 

Speed: 428-5 r.p.m. 

Runaway speed: 800 r.p.m. at 2,470 ft. net head. 

Stress at runaway speed: 20,000 Ib. per sq. in. (factor 
of safety at yield point 3-25). 

Net weight of runner: 15,000 lb. 

Ratio of pitch to jet diameter: 16-7: 1. 

Inlet valve: Single-seat, 30 in. spherical. 


Governor 
Type: Woodward Cabinet type. 
Rating: 83,000 ft. Ib. 
Operating pressure: 250 Ib. per sq. in. 
Weight of turbine: 117-2 tons. 
Weight of turbine shut-off valve: 28 tons. 


Details of Generators 

Capacity: 42,000 kVA, 11 kV (Canadian General Elec- 
tric Co. Ltd.). 

WR?: 2:8 x 10° Ib. ft.?. 

Inertia constant: 3-0. 

Resistance of armature: 0°00643 ohms. at 75°C. 

Air gap: 1:0 in. 

Diameter of shaft: 20 in. 

Diameter of rotor: 128 in. 

Weight of the entire unit: 190 tons. 


Transmission Lines 
The power generated in these two power houses 
will be fed into the Madras Grid through a system 
of 110 kV and 230 kV transmission lines. The fol- 
lowing main 110 kV lines will be erected initially. 
(i) Kundah power house No. | to Kundah power 
house No. 2—a double-circuit line (5 miles). 
(ii) Kundah power house No. 2 to Tudiyalur in 
Coimbatore District—a double-circuit line (25 
miles). 
Later the following 230 V lines will be erected : — 
(iii) Kundah power house No. 2 to Salem—a single- 
circuit line (110 miles). 
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(iv) Salem to Singarapet—a single-circuit line (56 

miles). 

(v) Singarapet to Villivakkam near Madras City 

—a single-circuit line (124 miles). 

In addition to the above, provision has been made 
for 299 miles of 110 kV lines, 158 miles of 66 kV 
lines and 200 miles of 33 kV lines to be erected in 
the future. As now sanctioned the Kundah scheme 
covers the first and second stages only. In the third 
stage the flow of water from the East and West Vara- 
hapallam stream will be harnessed for power produc- 
tion by constructing further dams and tunnels. The 
flow from the western catchment areas will be 
diverted into the Porthimund reservoir and thence 
into the Emerald valley by a tunnel. The penstock 
and generating capacities of the two power houses 
will be increased correspondingly. 

The fourth stage of the Kundah project envisages 
the utilisation of the tailrace waters of the No. 2 
power house in combination with the free flow of 
Pegumbuhalla stream. To this end a power house will 
be constructed at a level of about 1,800 ft. The gross 
head at this power station will be about 1,555 ft. 
These two stages are under further investigation. Ulti- 
mately it is proposed to utilise a head of 5,200 ft. in the 
three power stations when the scheme is completed. 

The first and second stages of the scheme are 
expected to be completed by the end of 1960. An 
additional aid of $5 million has also been sanctioned 
by the Canadian Government for the transmission 
lines... Work is now in full swing at the dam sites, in 
the two tunnels, on the penstock slopes, and on two 
power-house sites. Various consignments of turbines, 
generators, penstocks, valves, gates, screens, switch- 
gear, transformers, etc., have either been delivered 
or are on order from Canada. In addition various 
types of construction equipment have been assembled 
such as concrete mixers, diesel locos, compressors, 
tipping wagons, and reinforcement steel, are now 
being employed. Canadian Vickers Ltd., Davie Ship- 
building and Company, Canadian Car Company, 
Dominion Engineering Co. Ltd., Vancouver Iron and 
Engineering Works Ltd., Provincial Engineering 
Company, Richards Wilcox, Worthington, and Bosco 
Ltd., are some of the Canadian firms which are 
supplying these materials through the Montreal 
Engineering Company of Canada who are the con- 
sulting engineers for the Kundah project. 

The scheme employs about 12,000 workers. The 
civic needs and comforts of this temporary population 
have not been neglected by the authorities. Ad- 
ministratively the scheme has been divided into two 
groups, each in charge of a superintending engineer 
of experience. Both groups have been provided with 
good hospitals, schools, post offices, police stations, 
social clubs and recreation centres and a commendable 
spirit of harmony pervades among the workers. 

It is expected that the scheme will not only help 
rural electrification on a large scale but will also give 
an impetus to the industrialisation of the Madras 
State. The cement, paper, aluminium, caustic-soda 
and textile industries, which are badly affected by 
the annual power cut during summer—due to the 
low level of the reservoirs feeding the existing power 
stations in Pykara, Mettur and Papanasam—are 
expected to benefit from this scheme which will add 
about 180 MW of power to Madras Grid. 

(Continued on page 392) 
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Uplift in Gravity Dams 


In this series of articles* the author reviews the various conceptions 
of the phenomenon of uplift and presents his own analysis supported 


by experimental evidence. 


This first article summarises the older 


“‘hypothetical-crack”’ theories 


By SERGE LELIAVSKY, Ph.D., M.I.C.E., M.Am.Soc.C.E. 


PART 


N spite of its obvious importance, the question of 
uplift in gravity dams is still the source of much 
confusion among dam designers and dam builders 

throughout the world. The reason is that there are 
two entirely different methods of approach, which 
can be (and are being) followed in solving the relevant 
problems, and that this fact is not always clearly 
understood. Thus, although these two solutions are 
mutually incompatible, attempts are nevertheless 
frequently made to use them to build up one single, 
general discipline, and this leads, of necessity, to 
absurdity. 

The earlier solution is developed from an entirely 
conventional concept, namely, an imaginary crack, 
which no one has ever observed or recorded, but 
which forms, nevertheless, the basic postulate of the 
entire theory. On the other hand, the second method 
deals essentially with a natural phenomenon, viz., 
seepage. Thus, whereas in the first case we start 
with a conventional assumption, and thereafter pro- 
ceed by abstract speculation, in the second case, we 
employ experimental methods, which are arranged in 
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such a manner as to supply directly the required 
quantitative result needed for design. 

It may also be added that whereas the first solution 
is a typical example of the methods popular in the 
end of the last century, the second solution belongs, 
most definitely, to the modern epoch. In a sense, 
therefore, the conflict between these two opposing 
uplift theories may be regarded as another instance 


* These articles form the substance of a series of lectures given by the author 
at the Imperial College of Science, South Kensington, London, at the invitation 
of Prof. A. W. Skempton, Head of the Department of Civil Engineering, and 
of Prof. C. M White, Professor of Fluid Mechanics and Hydraulic Engineering. 

Most of the illustrations accompanying these articles have been reproduced 
from the author’s book “Uplift in Gravity Dams” reviewed in our January 
!959 issue, and we wish to record our appreciation of the kind collaboration 
extended to us by the publishers, Constable & Co. Ltd., 10 and 12 Orange 
Street, ace W.C.2., in agreeing to their use and in placing blocks at our 
Cisposal. 
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Fig. 2 
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of the everlasting struggle between “‘yesterday” and 
“today.” This will be one of the main points, 
attempted in the following pages. 


Earlier ‘Imaginary Crack’’ Theories 

Chronologically speaking, the history of the uplift 
theory starts with the Alfeld dam, in Germany, which 
was designed in 1889, introducing uplift as one of the 
factors affecting its safety. But it may be more correct 
to consider, as the true beginning of the historical 
evolution of the uplift concept, the year 1895, in which 
the famous French designer, Maurice Levy, published 
his epoch-making paper on the subject, and thus, 
caused general attention to be focused on this much- 
discussed point. 

In considering his suggestions, one must realise 
that this was the period immediately following the 
Bouzey dam failure, which was the cause of much loss 
of life, and created therefore an unprecedented state 














Fig. 3 


of nervous tension among contemporary dam 
designers. Unfortunate as the failure was in itself, the 
extensive discussions and controversies which fol- 
lowed (sometimes described as ‘“‘a sea of ink”), 
yielded valuable results and constitute, therefore, a 
milestone in the history of the dam problem in 
general. 

Since the disaster was rightly attributed to tensile 
stresses, which attained 1-2 kg. per sq. cm. at the 
upstream face of the dam, the ‘“‘no-tension”’ principle 
and the ‘“middle-third’” rule advanced sometime 
earlier by Rankine were fully vindicated, and became, 
henceforward, universally accepted basic design 
principles. But Maurice Levy went even further than 
that. In fact, according to him, to achieve safety, 
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not only was it necessary to provide for zero stress at 
the wetted surface of the dam, but all the stresses at 
that surface had to be positive. This conclusion was 
derived as follows: Imagine a solid dam (see Fig. 1) 
built of presumably impermeable material, and sup- 
pose that, fer some reason or other, a horizontal crack 
AB has developed, at a depth A below the water sur- 
face. Then, supposing the material of the dam to 
be otherwise impermeable, the obvious requirement 
to be satisfied, in order to prevent water from ere 
tering into the masonry, was that the compressive 
stress », at any point A must be greater than the 
hydraulic pressure ph at the same level. Thus the 
symbolical transcription of the criterion became 
Nu > ph 

where p was the specific weight of water. This means 
that the stress tending to close the crack must be 
greater than the water pressure tending to open it. 
If this condition is satisfied the crack will be closed 
and water will be prevented from penetrating therein, 
and consequently there will be no uplift in the dam. 

In view of what we now know about the permea- 
bility of both masonry and concrete, the argument of 
this criterion may appear too elementary. Nevertheless, 
it was used for the design of many dams, particularly 
in France, in the period previous to 1924. To a 
certain extent, this was due to interpreting wrongly 
the prescriptions of the French Ministerial Circular of 
1897. In fact, though this circular includes a clause 
prescribing Maurice Levy’s method, a closer study 
would show that this prescription refers to the calcu- 
lation of the principal stresses at the downstream 
face of the dam, whereas, according to another clause 
of the same specification, uplift was to be taken into 
account by reducing by 100 kg. per cu. m., the true 
specific weight of the material. 

On the other hand, there are good reasons to con- 
sider the additional safety provided by Levy’s rule as 
a maximum of what an over-cautious designer may 
possibly require. Viewed from this standpoint the 
safety factors incorporated respectively in Rankine’s 
and Levy’s profiles may be taken as defining the 
extreme limits of the range between minimum and 
maximum safety coefficients suitable for practical dam 
designing. 

It may, therefore, be of interest to find the quanti- 
tative equivalent of this range, i.e., to calculate the 
percentage of extra material that must be added to 
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Rankine’s section in order to 
obtain Levy’s profile. This problem 
can be solved as follows: According 
to modern practice, we consider a 
triangular dam profile (see Fig. 2) 
with the apex on the water surface, 
and assume that the specific gravity 
of the structural material v is the 
same in all cases—for instance 
2:3 tons per cu. m. Then, since 
the additional material required 
to convert the ideal triangle into 
a practical dam section is rather 
small, the area of the profile, and 
consequently the volume of the 
material for unit length of the dam, 
are proportional to the square of 
the height, and to the tangent of 
the angle a, between the down- 
stream face and the vertical. We 
thus obtain the results given in Table I. 

It follows from this table that the maximum and 
minimum requirements, as dictated by considerations 
bearing on the uplift pressure, are confined within a 
range of 33% of the estimated cost of the dam, which 
might be a decisive consideration in assessing the 
economic advantages of a hydro-electric project. 

It was only to be expected, therefore, that other 
solutions were suggested, based upon the same prin- 
ciple as Levy’s criterion but calling for less expendi- 
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Rankine Vv (1/») 0°3296 h? 100 
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ture. This was particularly the case in Germany. The 
first among these methods was the theory proposed 
in 1898 by Lieckfeldt. It will be remembered that 
Levy’s aim had been to prevent water from entering 
into the crack altogether. Now, Lieckfeldt assumes 
that water can penetrate into the dam, but carries out 
his design in such a manner that the depth of this 
penetration does not exceed a certain limit dictated 
by considerations of safety. Thus, should a hypo- 
thetical crack be postulated ab initio, its length b=AB 
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(see Fig. 3) is then divided into two parts: the saturated 
portion AT=x, which constitutes the open joint 
proper, and the dry portion, BT=5—-x, in which there 
is no water pressure at all but a vertical compressive 
stress only. In accordance with Levy’s basic assump- 
tion, water is supposed to be unable to penetrate into 
this second part, for the reason that beyond the point 
T the stress overbalances the hydrostatic pressure. It 
follows that instead of Navier’s usual trapezoidal 
stress diagram (i.e., AabB in the drawing) we obtain 
a composite figure, consisting of a rectangle AceT in 
the open joint, which represents the water pressure 
ph, and the trapezium TefB, giving the compressive 
stress in the closed portion. 

The maximum stress »,, defining the pattern of this 
diagram, is calculated from two equations, represent- 
ing respectively the two basic principles of statics, 
viz. :— 

(a) that the area of the diagram gives to scale the 

vertical component N of the resultant; 

(b) that its centroid coincides with this resultant. 

We thus obtain 
(1—2v+-v*) tan?a—1 
(2v—3) tan*a—l 





nNa=hp 
and 





ah tan® a+1 

aoe (v—2) tana 
in which , is the maximum stress at the downstream 
face of the dam, and x is the length of the open 
portion of the crack. A complete analysis of these 
formulae is shown in Fig. 4. 

The horizontal scale in this chart gives the values 
of a whereas the vertical scale yields the corresponding 
values of x and n/p. To make the diagram fully 
comprehensive in regard to the method of the equa- 
tions, the curves are calculated for the full range of 
a values from zero to 90°; but, for practical conclu- 
sions, we are chiefly interested in the part confined 
within the straight lines AB and CD, which correspond 
respectively to the cases when x=b and x=0. The 
first case is unacceptable because (as seen from the 
upper curve) it yields an infinitely large compressively 
stress, which would cause the masonry to crush; 
whereas in the second case, we are coming back to 
Levy’s criterion, and there will then be no saving at 
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all. Thus, for practical purposes, 
we must choose a solution between 
these two limits. From considera- 
tions bearing on the effect of a 
possible error in assessing the value 
of the specific gravity y, Lieckfeldt 
recommends for design purposes 
the equation 





/ 1 
ae i 
which, of course, is rather an ar- 
bitrary choice. 

As late as 1929, Prof. Kammuller 
proposed to improve Lieckfeld’s 
theory, taking as the basis for the 
final criterion the “equal resist- 
ance” principle, i.e., postulating 
that the maximum stresses for the 
full and empty cases respectively 
should be the same, that isn, =Av. 
This yielded :— 

‘ _ Svr—y—l 

The chief objection raised against the theory from 
which these equations were developed was that it 
visualised the phenomenon as a static case, i.e., it 
assumed that water penetrated into the dam down to 
a certain point, and then stopped there. Such an 
assumption was in obvious disagreement with the 
fact that the filtering water was seen to appear on the 
downstream faces of many dams. It was, therefore, 
only natural that another method was proposed, 
which in contradistinction to Lieckfeldt’s “static” 
solution, may be described as a “dynamic”’ theory. 
This was the method of Link, which was first pro- 
duced in 1910, but was still referred to, in 1929, as 
the “present-day usual method’’*. As seen from Fig. 
5, the uplift pressure diagram is represented by a 
triangle, which is in agreement with the assumption 
that the water in the crack is moving. Apart from 
that, the principle of the analysis is basically the same 
as that of Lieckfeldt, i.e., from A to T the joint is 
assumed to be open, but from T to B it is closed and 
subject to a linearly varying compressive stress. 

There is, however, another point also, characteristic 
of this new theory, which deserves to be mentioned, 
viz., the reduction factor n which appears in many 
modern uplift theories. In fact, the maximum water 
pressure in the joint at the upstream face of the dam, 
instead of being taken equal to ph, which is the pres- 
sure in the reservoir at the same level, is assumed to 
be mph only, where n is a coefficient varying— according 
to different authors and different conditions—from 
1:0 to 0:0. 

Summing up all that has been said, or implied, 
about the meaning of this coefficient, much of it 
contradictory, it appears possible to trace three 
different tendencies. While some authors apparently 
assumed that n was an attribute of the pressure itself, 
others were inclined to believe that it represented a 
reduction in the area affected by that pressure. A 
third and lesser group used it in their calculations in 
order to take into account the additional resistance 
afforded by tensile stresses, which were altogether 
disregarded in both Lieckfeldt’s and Link’s theories. 
However, try as they might, the adepts of the earlier 
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* “Heute ubliches Verfahren” (Kammuller). 
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Fig. 7 


group of uplift theories could not arrive at a convinc- 
ing solution of the problem relating to the value of 
the coefficient n, because their method was based on 











abstract speculation, and had no _ experimental, 
scientific background. ; 
Thus, 33%, 50% and 67% were alternatively 
assumed by various designers of the period, but it 
TABLE II 
Coefficient | Area of Profile Percentage difference 
a ai Levy Rankine 
0°33 0°330 h? —32 1 
0°67 0°345 h? —29 4 
1:00 0°366 h? —22 11 











would be difficult, if not impossible, to give a true 
account of the reasons which, in each case, underlay 
the choice of the assumed value of this coefficient, 
this being frequently a matter of subconscious feeling 
rather than reasoned opinion. 

Reverting to Link’s theory, it will be observed that 
we can analyse it in the same manner as was done 
with Lieckfeldt’s method. We shall thus obtain, for 
nq and x respectively, the formulae 

(v—n)* tan*® a 
2(v—n) tan*® a—1 





na=hp 


— 1—(v—n) tan*a 
(v—n) tan @ 

which are graphically represented in Fig. 6. Note, 
however, that in this case, instead of one set, we have 
three sets of curves, depending on the number of the 
assumed values of n; i.e., 0°33, 0°50 and 1:00. 

Following the same principle which Kammuller 
suggested for Lieckfeldt’s method (“Beam of equal 
resistance’), i.e., yy=Av Link finally obtains 





and 


v 
fana = ‘ yi—_pna 
and this yields Table II giving the relevant constants 
for three different values of n: 


Link’s method is the last solution belonging to the 
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cycle of theories developed from Levy’s criterion. 
There is, however, another uplift criterion also, 
which though suggested as late as 1928, is nevertheless 
another instance of the “hypothetical crack”’ philos- 
ophy. This is the criterion of O. Hoffman. It reads, 
more or less, as follows: design the dam of such a 
width that a crack, which might originally have been 
started by any cause whatever, will not develop any 
further due to the uplift force created by the water 
which penetrates into it. Since Hoffman’s general 
views on the matter belong, most definitely, to the 
modern, “physical” group of theories, this criterion 
is to be interpreted more in the way of an academical 
problem, rather than as a practical rule for design. 

Transcribed in symbols, it is given in the form of 
the inequality 

ahm 
, >0 

in which »,, is the minimum stress in the unbroken 
portion of the critical joint, and x is the length of the 
corresponding crack (see Fig. 7). This inequality 
means that any tendency of the crack to increase in 
length is prevented by an opposing tendency of the 
stress to rise. After various operations, the basic 
inequality is transformed into 


r- >2— 
which, as may be easily verified, applies to any dam 
designed according to Rankine’s rule. (The symbol 
N Tepresents here the minimum stress calculated 
without considering uplift). 

To conclude the discussion on the group of theories 
developed from the “hypothetical crack” assumption, 
it may be of interest to compare their advantages, in 
so far as the cost of the dam is concerned. This is 
done in Fig. 8, in which Rankine’s profile, which 
disregards uplift altogether, is taken as unity and all 
other methods are presented as percentages thereof. 
The abscissae are the values of nm, and the theories 
in which this constant is not included appear, there- 
fore, as horizontal straight lines. 

(To be continued) 
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The Vibration of Penstocks 


The author discusses this problem both analytically and on the 

basis of detailed investigations that have been carried out on 

certain Japanese plants. He presents an original formula for 

the actual frequency of vibration of a penstock, and cites cases 
where vibration trouble has been cured 


By PROF. FUMIKI KITO, Keio University, Tokyo 


N 1951 the problem of the vibration of a penstock 
ath taken up by the water-turbine research com- 

mittee of the Japanese Society of Mechanical Engi- 
neers, of which the author was one of the members. 
During the period 1951-52, field tests at several 
hydro-electric power stations were carried out, and 
investigations about vibrating penstocks were made. 
The author has also made an analytical study on the 
vibration of a penstock, and has obtained a formula 
which gives an approximate estimate of the natural 

















dE: 


In this article, the author gives a summary of the 
results of his study on penstocks, and believes that the 
actual cases here reported should be of considerable 
interest. 


General Information about Plants Investigated 

Out of more than ten hydro-electric power plants 
in which the vibration of penstocks has been investi- 
gated in our early stage of study, five plants have been 
selected for discussion here, since the vibration of the 
penstocks at these plants has been considered to be in 
a state of resonance. Some details of these plants are 
given in Table I. It is to be noted that many hydro- 
electric plants in Japan have to be operated at two 
different generator speeds, since they are frequently 








Fig. 1. Arrangement of penstock at Ikejirigawa pumped-storage plant 


frequency of vibration. Since then the author has con- 
tinued the study up to the present date, constantly 
keeping connections with several hydro-electric power 
companies in Japan. Thus it became possible to gather 
fairly comprehensive data on the actual state of vibra- 
tion of penstocks. 


required to deliver electric power at two different 
frequencies, viz., 50 and 60 cycles. General dimen- 
sions of the penstocks of these power plants are as 
shown in Table II. The numerical values in this table 
refer to that part of the penstock where the vibration 
was most prominent and observations were made. 


TABLE 1—GENERAL DETAILS OF POWER PLANTS INVESTIGATED 





No Name of plant River Output Speed of unit Head 
ea kW/unit r.p.m. m. 

1 Ikejirigawa Ikejiri 2:4 cu. m./sec. 900/750 85 
2 Utsuno Fuji 1,800 450/375 30 
3 Ohma Ohi 8,600 360/300 78 
4 Miho Tenryu (tributary to) 3,200 600/500 95 
5 Kumanogawa No. 1 Zintsu (tributary to) 1,940 720 102 
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The span length in the table is the 
length of that part of the penstock 
measured from one anchor block 
to the next anchor block. The 
mean head means the mean value 
of static head of the span con- 
cerned. General arrangements of 
some penstocks investigated are 
shown in Figs. | to 5. 























Results Observed 


across the part of the penstock 
Instruments for measurement 


Values of full-cycle amplitude and 
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cylindrical shell 
E=Young’s modulus of 

cm.’) (Ib./in.”) 

sec.”) 


of vibration (see Fig. 





For each of the power plants, 
carried out by constructing a temporary framework 





Fig. 2. Arrangement of Utsuno penstock 


where f=frequency per sec. or natural vibration of 


r=radius of penstock (cm.) (in.) 


v=Poisson’s ratio of wall material 
g=gravity const. (9:8 m./sec.”) (32:2 x 12 in./ 


TaBLe III]. —OBSERVED VALUES OF AMPLITUDE AND 
FREQUENCY OF VIBRATION 





No | Mean | Wall 
___*__|_ diameter thickness | 

m. mm. 
1 1-50 6:0 
2 2:27 9-5 
3 2°42 9-0 
4 1:49 9:5 
5 0:90 7-0 
Sa | _ —0-90 12:0 





observations were 


to be investigated. 


of vibration were 
attached to the framework, and records of vibration 
were taken at various outputs of the power unit. 


frequency of vibra- 


tion obtained by our observations are given in 


In Figs. 6 to 11, the observed values of the frequency 
of vibration are plotted as points marked @. In these 
figures, curves are drawn obtained by calculation of 
an approximate formula for the natural frequency 


ment 


l 
nJn°?+1 





x 





E+(n? - 1) (n?+ K?)2>——1_ 


(= v4) 


wall material (kg./ 


Fig. 4. Arrange- 
of Miho 


n=a whole number, cos n@ giving the mode 


12) 


























Vibration Vibration 
No. amplitude | frequency Vibrometer used 
2a 
mm. per sec. 
1 2 6°7 Cambridge vibrograph 
2 2:0 62 (at 50 Hand vibrograph 
cycles) (Akashi type) 
0:2 7°3 (at 60 
cycles) 
3 14-0 4:2 Vibrograph for 
| transmission-line use 
4 0:04 140 Hand vibrograph 
5 — 180 Oscillograph 
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TABLE I].—GENERAL DETAILS OF THE PENSTOCKS INVESTIGATED 








| Span General 
| length | __ location 
m. 
38 uppermos: 
29 upper par 
30 upper par 
45 middle 
lower par 
53 upper par! 
23 lower part 
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Fig. 6. Vibration frequency of Ikejirigawa penstock 


Yw = specific weight of water (kg./cm.*) (1b./in.*) 
Ym= specific weight of wall material 
a=a numerical factor, which may be taken 
equal to 1/n, at least for practical use 
q=mean pressure (in kg./cm.’, Ib./in.”) of 
hydrostatic head of water. 
This formula has been deduced by the author as 
a result of his analytical study on the vibration of a 
penstock. In the formula, three effects are taken into 
consideration: (1) the elasticity of the pipe wall; (2) 
the fact that the water flowing through the penstock 
must also make a vibratory motion in accordance with 
the movements of the pipe wall (so-called effect of 
virtual mass of water); (3) the hydrostatic head, which 
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Fig. 7. Vibration frequency of Utsuno penstock 
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Fig. 8. Vibration frequency of Ohma penstock 


gives rise to hoop tension in the pipe wall. The effect 
of (3) is to tighten the elastic wall and so raise some- 
what the value of natural frequency, whereas the 
effect (2) considerably lowers the natural frequency 
due to the inertia of the heavy mass of water. 


Remarks on the Results Observed 

No. I Plant. This plant, namely the Ikejirigawa 
power plant, was equipped with generating sets and 
pumped-storage sets. The penstock investigated be- 
longs to a pumped-storage set, and it was observed 
that the indicating needle of the pressure gauge 
attached to the pump casing was vibrating violently, 
while at the same time the upper part of the penstock 
was also subject to severe vibration. The observed 
value of the vibration frequency of the penstock was 
different both from the speed of the impeller (revs. 
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Fig. 9. Vibration frequency of Miho penstock 
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Fig. 10. Vibration frequency of penstock (upper part) at 
Kumanogawa No. | power station 


per sec.) and from the product, revs. per sec. x No. 
of impeller vanes. It was thought that the penstock 
vibration was due to a surging phenomenon occurring 
inside the pump (which has a twin impeller) causing 
a pressure wave to be propagated through the pen- 
stock, with the result that a span of the penstock, the 
natural frequency of which is sufficiently near to that 
of the exciting pressure wave, resonates. But in the 
case of this plant, a span lying directly downstream 
of the particular span subject to severe vibration. 
did not vibrate at all, in spite of the fact that the two 
spans were the same. On the other hand, it was found 
from analytical investigation that the natural fre- 
quency of vibration is influenced considerably by the 
mean static head of water, together with other quanti- 
ties. Thus, this apparently anomalous phenomenon 
was explicable, since the two consecutive spans had 
a difference of altitude of more than 10 m. 

No. 2 Plant. In the case of No. 2 power plant, the 
frequency of vibration of the penstock at one particu- 
lar span coincided with the speed of the turbine run- 
ner at 50 cycle operation; thus, the vibration was 
evidently due to the action of the turbine runner, the 
penstock span being in a state of resonance. Thus, if 
it was possible to change the frequency of the exciting 
force arising from the rotating runner, the state of 
resonance should be avoided. In order to confirm this 
inference, the plant, which was designed for 50/60 
cycle operation, was run at 60 cycles when it was 
found that no perceptible vibration was felt anywhere 
in the penstock, even if the delivery was changed to 
various values. 

No. 3 Plant. In the case of No. 3 power plant, tre- 
mendous vibrations arose of amplitudes reaching 14 
mm. (not very exactly, because it was felt dangerous 
for anyone to stay long near the penstock!).This dan- 
gerous state of vibration continued for about a month, 
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Fig. 11. Vibration frequency of penstock (lower part) at 
Kumanogawa No. | power station 








but afterwards the amplitude reduced gradually of 
its own accord. The origin of this severe vibration 
is being sought in the turbine draft tube, but the exact 
cause is yet to be investigated. It is very probable that 
a pile of mud which accumulated inside the mouth 
of the draft tube had something to do with the trouble, 
because the growth and decrease of the vibration had 
occurred nearly concurrently with the growth and 
decrease of the mud pile. 

Nos. 4 and 5 Plants. In the cases of Nos. 4 and 5 
plants, the penstock emitted a humming or booming 
sound, the frequency of which coincided with the 
speed of the runner multiplied by the number of 
runner vanes. At No. 5 plant, when operated at its 
normal frequency of 60 cycles per sec., one section of 
the penstock boomed, whereas at 50-cycle operation, 
the other section of the penstock began to boom. 

In all of the five cases mentioned the observed fre- 
quency of vibration of the penstock coincided fairly 
accurately with the theoretical values of the natural fre- 
quency of vibration, showing that a state of resonance 
existed. 

It was noticed that the observed frequency 
had a tendency to be slightly larger than the calculated 
value of frequency. One reason may be that the actual 
penstock lies on a series of saddles, whereas in the 
approximate theoretical formula given above, the 
existence of saddles is not taken into account. 

In any case, a vibration with such a remarkable 
amplitude (or intensity of sound) as observed by us 
could not have taken place if the sources of pressu:e 
variation had not been strong enough, so that the mest 
effective remedy for preventing the vibration of t'¢ 
penstocks of these plants would consist in removi: 2 
the source of pressure variation which originates 1 
some part of the turbine. If this could not be do 
effectively, the next step would be to alter the natu: 


WATER POWER October 19: 





frequency of vibration of the part in question, prob- 
ably by fixing stiffener rings, etc. 


Cause of Vibration 

When water is merely flowing through the penstock, 
there is no cause to make the penstock vibrate, but 
if a pressure wave generated, for example, at the tur- 
bine runner, is transmitted to the penstock, it may 
cause the penstock to vibrate. If, by chance, the fre- 
quency of vibration of the pressure wave is very close 
to the natural frequency of vibration of the penstock 
itself, the state of resonance may be set up, and exces- 
sive vibration of the penstock can be observed. From 
a purely analytical point of view, if both frequencies 
exactly coincide, the penstock will vibrate excessively, 
however feeble the pressure wave may be; but since 
in actual cases there are many causes of energy loss, 
the actual penstock will not vibrate noticeably if the 
pressure wave is too feeble. The fact that among 
several hundred power stations now in operation in 
Japan, there are only 10 to 20 of them with a vibrat- 
ing penstock, may be partly accounted for in this way. 

There are several causes of pressure wave generated 
in a water turbine or in its vicinity, which we can 
examine. According to the author’s investigation, the 
most usual origin is in the draft tube, in which a 
rotating vortex is formed, which vibrates of its own 
accord. In this case the vibration frequency is approxi- 
mately equal to 

f=35 (Rheingans’s formula) 

(at least when the draft tube is of the usual shape). 
The cause next in importance is the shock to the 
water flow arising at each vane of the runner. This is 
characterised by the fact that its frequency is just 
equal to the speed of its runner multiplied by the 
number of vanes. In a few cases a vibration having a 
frequency equa! to the speed of the runner may occur. 
There are also cases where the vibration is considered 
to be due to some surging flow or irregular vortices. 
For such a case the author is not aware of any formula 
which gives a numerical value of the frequency of 
the pressure waves. 

A pressure wave generated anywhere in a water 
turbine will travel up to the penstock, as mentioned 
above, and when reaching any cross section of the 
penstock, will have an almost uniform value across 
this area at any instant. One may inquire why such 
a uniform pressure can cause a bending vibration of 


N=3 


the penstock such as is sketched in Fig. 12, but this 
may possibly be explained by the fact that the actual 
form of penstock, being naturally thin-walled, is some- 
what deformed and not a true circle. Thus, when a 
vibratory pressure acts upon such a slightly deformed 
wali, it can cause the wall to vibrate. 


Prevention of Penstock Vibration 

The most radical method of preventing the vibra- 
tion of a penstock, is to remove the source of the pres- 
sure wave, which is generated probably somewhere in 
the water turbine. If the runner vanes are concerned 
with the vibration, it may be effective to change the 
number of vanes, but there may exist cases in which 
penstock vibration can be practically stopped merely 
by enlarging the radial clearance between guide vanes 
and runner vanes. When some surging or cavitation 
phenomenon is the source of vibration, the modifica- 
tion of the form of the runner vanes or draft tube 
may be considered. 

As mentioned above, there were many cases in 
which the source of vibration was in the central core 
set up in the centre of the draft tube (in such a case 
vibration occurs only at part load, and its frequency 
has a characteristic value). For such a case, the intro- 
duction of air into the top centre of the draft tube 
is very effective. It has often happened that even when 
the air was introduced, the vibration of the penstock 
did not completely die out, but upon examination it 
is usually found that the quantity of air introduced is 
not sufficient, and that by introducing much more air, 
the result obtained is satisfactory. In some cases, 
however, the introduction of air is felt to be undesir- 
able for other reasons; for example, the reduction of 
output when air is introduced may be an objection. 

But even when we have succeeded in eliminating 
the source of v bration to some extent, it cannot be 
expected that complete elimination is always possible. 
There may arise cases in which the elimination of a 
source of vibration cannot be effected on account of 
other requirements. In these cases we must alter the 
natural frequency of vibration of the penstock and 
thus get away from the state of resonance. One way 
of doing this is to fix suitable stiffener rings to the 
penstock. It is to be noticed that the purpose of fixing 
the stiffener lies not in strengthening the penstock but 
in raising the natural frequency. The author once 
heard of a power plant where “when the stiffener rings 
were fixed, the vibration of the penstock became more 


Fig. 12. Vibration modes of cross-section of a penstock 
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TABLE IV.—MaAIN DIMENSIONS OF THE TOHARA PENSTOCK 


the outskirts of Mt. Fuji. Th: 
main items are as follows:— 





Wall 
thickness 


Inner 
diameter 


Section 


No. Length 


| Mean static 


water head Type of water turbine: horizoz- 





m. 
45°16 
46°02 
45-66 


49°77 
36°05 
26°14 
13°51 


m. 
1-510 
1°510 

11-510 
(1-460 
1°460 
1°460 
1°460 
1°460 








12 


tal-shaft overhung _ single-flow 
single-runner Francis, 
Effective head 
Discharge 
Output 
Speed 
Draft tube 


35-09 m. 
4:36 m.*/sec. 
1,300 kW 
600 r.p.mi. 
elbow type 








violent.” This may mean that the natural frequency 
of the penstock was originally slightly below the fre- 
quency of pressure wave, and by raising the natural 
frequency only by a small amount, both frequencies 
became closer than before. 

When a penstock is vibrating it is sometimes dis- 
cussed whether or not some immediate measures 
should be taken. Assuming that the radial displace- 
ment of a penstock wall is given by 

w=a sin n@ sin of 
(9=angular co-ordinate, n=a whole number, w= 
2~f=angular frequency in rad./sec., of vibration, t= 
time). The maximum stress due to bending of the 
wall will be given approximately by 

O max =(n’ aa 1) E (ah/r’) 

where a=amplitude of vibration, h=half the thick- 
ness of the wall, r=radius of penstock, E= Young’s 
modulus of elasticity. For example, if r=1 m., h= 
10/2=5 mm., a=1 mm. (2a=2 mm.), E=2 x 10° kg./ 
cm.?, n=3, we shall have omax.=80 kg./cm.’. This 
stress seems a very low value, and there is no fear of 
breaking by fatigue. But it must be remembered that 
for the actual penstock the effect of saddles, joints, 
etc., must be taken into account. 

Judging from the author’s experience, it is felt that 
when a penstock is vibrating with an amplitude a of 
magnitude more than 1/2,000 (or double amplitude 
2a of more than 1/1,000) times its diameter, immediate 
measures should be taken, but there is no rigorous 
theoretical ground for this inference. 


Actual Example of Prevention of Penstock Vibration 

As an actual example of the work of preventing 
the vibration of a penstock, which was done by us, let 
us quote the case of Tohara power plant, which 
generates power by utilising the water flowing down 


The penstock of this plant has a total length of 257 
m., and has a somewhat gradual slope. The main 
dimensions of the penstock are as shown in Table IV. 

When this plant was completed and put into opera- 
tion (which was about four years ago) considerable 
vibration was observed at section No. 1 of the pen- 
stock, so the investigation and work of preventing the 
vibration was planned and put into execution by Mr. 
F. Sato of Dengyosha Primemover Works (now amal- 
gamated into Toshiba Electric Co.). First, the ampli- 
tude and frequency of vibration of the part of the 
penstock in question was observed by using a hand 
vibrograph. Also, air was introduced into the upper 
part of the draft tube by means of an air pipe 3 in. 
in diameter. The air supply was changed in four 
stages from full open to full shut by operating a sluice 
valve attached to the air pipe. Observations were 
made by varying the output of the plant as well as 
by altering the valve opening of the air pipe. The re- 
sults are shown in Table V. 

As we see from this table. when the turbine is 
operating under part load and no air is introduced 
into the draft tube, there appears on the penstock a 
considerable vibration with amplitude varying from 
1-2 mm. to 1-7 mm., whereas when air is introduced. 
the amplitude could be reduced to as low as 0-2 mm., 
but this was associated with a reduction of output of 
about 7%. So it was decided to try other means 
which could be effected without reducing the output. 
By the Rheingans formula, the frequency of vibration 
of the vortex core in the draft tube will be: 

600 
N= _ 10 


10 
f=3%5 = 2-78/sec. 


TABLE V.—-VIBRATION OBSERVATIONS ON THE TOHARA PENSTOCK 


Generator output Power frequency 


Vibration Vibration amplitude 


Valve-opening of 
frequency 2a 


air pipe 





kW 
300 
300 


c.p.s. 
59-0 
59-1 
58:8 
58°6 


per sec. mm. 
0-24 
0-20 
0-20 

0:72-0:94 


3/3 
2/3 
1/3 
0/3 


lI 


ng 
a 





58°6 
58-6 
58:7 


CADMAS wne 


3/3 
2/3 
1/3 
0/3 


a 























3/3 
2/3 
1/3 
0/3 
3/3 
2/3 
1/3 
_0/3 
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Fig. 13. Stiffener rings attached to penstock 


and we see that this frequency coincides fairly well 
with the observed frequency of vibration of the pen- 
stock as given in Table V. 

From this fact, and also from the effect of introduc- 
ing the air, as we see from Table V. the source of 
vibration is seen to lie in vortex core of the draft tube. 
(Naturally, the Rheingans formula is empirical and 
is mainly concerned with the vertical turbine, but 
even in the present case of a horizontal turbine, the 
formula is seen to be in good agreement with the 
observation.) 

Now, let us estimate the natural frequency of sec- 
tion No. 1 of the penstock by means of the author’s 
formula mentioned above. For this penstock section 
we have: 


E=2-1x 10° kg./cm.’, v=0°3, 
g=980 cm./sec.’, Yn=7°8 x 10-* kg./cm.*, 
r= 75-5 cm.. 1=4,000 cm.. 
h=6/2 mm.=0-3 cm., q=45 m. (Aqg)= 
0:45 kg./cm.’. 

Putting these values into the formula we obtain: 

for n=2 f= 2-99 

for n=3 f= 7:37 

for n=4 f=14-63, etc., etc. 


L aL genom r] zg 
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Fig. 14. Arrangement of stiffener rings 


and we see that the frequency of vibration for n=2 
Is Just occurring in the actual penstock, thus giving 
rise to a state of resonance. 


Checking the Effect of attaching Stiffener Rings 

In order to prevent the penstock vibration by some 
means other than the introduction of air, the effect 
of stiffener rings was checked by a numerical calcula- 
tion. Suppose that stiffener rings are attached to a 
penstock, spaced with a distance /, apart, as shown in 
Fig. 13. If each of the stiffeners was perfectly rigid. 
the effect of attaching them to the penstock would 
be to shorten the span length / of the penstock into 
this distance /,, but since an actual stiffener is never 
perfectly rigid, this assertion is only approximately 
truc. This being so, we take up the two cases of /,= 
3 m. and /,=5 m., and by numerical calculation we 


ave: 


(a) Case of 1,=6 m. Here we have 
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nr 3:14x 75-5 


“a 
and so 
for n=2 f= 3:13 /14+1-22 q 
for n=3 f= 620 /1+1-20 q 
for n=4 f=12:'7 V¥1+0-69 qg 
(b) Case of pig. 3 eg have 
zr ‘ x Pe 
“70. 
and so 
for n=2 f= 7:38 /1+0-13 q 
for n=3 f= 8:06 /1+0-74 q 
for n=4 f=13-2 /1+0-66 q 


In these expressions for f, g is the mean hydrostatic 
head expressed in kg./cm.’. 

Inspecting these numerical values, we note that in 
the case (a) of /,=3 m., the natural frequency of the 
penstock section is tolerably well away from the vibra- 
tion frequency f=2°78/sec. of the draft tube. But the 
case of (b) /,=6 m. cannot be said to be well away. 
For the sake of experiment, an arrangement of stif- 
fener rings shown in Fig. 14 was taken up and put 
into execution. After the stiffener rings were fixed. the 
vibrations of the penstock wall were observed with 
a hand vibrograph, the output being varied from 600 
kW to 900 kW, and the air valve being kept totally 
closed. By this observation, it was found that, for the 
span with /,=6 m., there remained a vibration amount- 
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Fig. 15. Dimensions (in mm.) of stiffener rings used in 
the experiment 


ing to an amplitude of about 0-3 mm., whereas for 
the span with /,=3 m., the vibration amplitude was 
reduced to less than 0-1 mm. Thus we could conclude 
that, by taking /,=3 m., the penstock vibration could 
be eliminated, at least from a practical standpoint. 
The dimensions of the stiffener rings used in this ex- 
periment are as shown in Fig. 15. 

Lastly, there is another way of estimating the effec- 
tiveness of stiffener rings, which consists in assuming 
that the effect of stiffener rings is to increase the sec- 
tion modulus of the wall, while the span length / re- 
mains unaltered. As is well known, the second moment 
of area of a wall section of thickness 2h and length / 
is 1=h'l. Suppose that, by attaching the stiffener 
rings to the penstock, the resultant (or combined) 
second moment of the wall section became changed 
to J,, then it may be regarded that the effect is to in- 
crease the thickness of wall to hs, where h.°/h*=1./I, 

(Continued on page 392) 
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Fig. 1. This large cumulus cloud would produce a heavy shower, if 
seeded. It covers, however, only a small area and would not materially 
assist a regional rainmaking project 


Controlling the Rainfall 


An outline of artificial rainmaking progress throughout the 
world with special reference to the adoption of this tech- 
nique for improving the output of hydro-electric plants 


By DAVID BOWEN, F.R.Met.S. 


AINFALL in Britain, when it occurs, can be 
i cs persistent, and it is the more apparent for 

becoming, as a general rule, more frequent as 
well as heavier during the summer months. But the 
increasing need for more natural water has led the 
British Government to experiment with various 
methods of “rainmaking.” Rainmaking, in fact, ranks 
today as a practical science, but the operators who 
are employed in this field wish neither to mislead the 
public nor to be misunderstood. Their plan is to 
“seed” suitable cloud formations in such a way that 
they will release their moisture within well-defined 
target areas, and probably in advance of the time that 
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they would do so if left on their own. No man can 
make rain fall from a blue sky. 

Modern rainmaking techniques owe their con- 
tinued publicity throughout the world to their com- 
parative cheapness and consequent commercial 
potential. The large number of successes claimed 
has also attracted attention, but the stage has at least 
been passed when operators, frantic to justify their 
claims at any cost, chased local clouds up dry gullies 
and showered “dry ice” on even the most unpromis- 
ing formations. Such antics are little better than firing 
guns at clouds or making sacrifice to various gods. In- 
stead scientists in all parts of the world are today 
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Fig. 2. These small cumulus}clouds are not suitable for seeding. Rainmaking techniques depend on the presence 


of thick clouds where the tops are at 


considering the extension of successful techniques for 
the purpose of assisting hydro-electric projects and 
for the improvement of semi-arid lands (in conjunc- 
tion with irrigation). 

The first scientific rainmaking experiments were 
carried out in 1946 by the American Physicists Dr. 


io S Bye i i 

Fig, 3. A silver-iodide generator, for use with cloud- 
see ling rain-increase projects, designed by the Chemi- 
cai Defence Experimental Establishment at Porton 
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temperatures below the freezing point 


Irving Langmuir and Dr. Vincent Shaefer. Carbon- 
dioxide pellets—the scientists prefer this term to “dry 
ice”—were applied to clouds which contained liquid 
water droplets below the freezing point, and this 
lowered the temperature sufficiently for ice crystals to 
form. These then fed on the moisture of the surround- 
ing droplets, and, by a kind of chain reaction. 
increased quickly in number and in size. When heavy 
enough, they fell to the ground as rain or snow, ac- 
cording to the temperature of the air through which 
they passed. 

A year later another American scientist, Bernard 
Vonnegut, showed that similar results could be ob- 
tained with silver-iodide crystals. They could be fed 
into the clouds in the form of a fine smoke, at the rate 
of thirty quadrillion a minute, by using coke genera- 
tors that burned the chemical at a high temperature. 

Since then numerous seeding experiments have 
been carried out in practically every part of the world, 
and further successes have been claimed by using 
other chemicals, including salt, but iodide is still the 
most favoured seeding agent. It can be fed into suit- 
able cloud formations from ground-based generators 
at a cost of only 3-5%, of that of aircraft seeding. Ap- 
proximately one per cent. of the water contained in 
a rain-cloud formation may be released by this kind 
of operation; it is sufficient to be of practical value, 
yet there is no resultant danger of a neigbouring area 
being robbed of its natural rainfall. The amount pre- 
cipitated by artificial means is soon made good again 
by the cloudy airstream. 

Of particular interest to water users are the weather- 
modification programmes that have been carried out 
to increase mountain snowpack. To take one example, 
the United States Water Resources Development Cor- 
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Fig. 4. These thickening wisps of high cloud indicate the approach of a rainbelt which, if seeded with silver 
iodide smoke, would produce increased falls 


poration conducted such operations during the full 
snowpack season in the upper Arkansas River basin 
of Colorado in the winter of 1950-51 and 1951-52, 
as well as throughout southern Utah, southern Color- 
ado and northern New Mexico during the winter of 
1951-52. Considering that the winter of 1950-51 in 
most of the western United States was characterised 
by extreme drought, and thus far below normal pre- 
cipitation, the results of the cloud-seeding operations 
were most encouraging. As the season progressed, the 
condition of the snow pack in the upper Arkansas 
River basin—and immediately downwind from the 
operation in the other area—stood at a record depth 
at the beginning of March 1951. 

Again, during the 1951-52 operations, all-time 
records were shattered. Taking 29 representative 
measuring stations in all, the water content was 30% 
above the average; taking 13 representative stations 
to the immediate windward of the seeding operations, 
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the water content was a little over twice the normal 
expectancy. It is believed that these operations 
materially improved surface and ground water run- 
off during the spring and summer of 1952 in all the 
watersheds thus affected. The operators’ conclusion 
was substantiated by the water-storage figures re- 
ported by the Water Resources Review, published by 
the United States Geological Survey. 

Proof that rain increase techniques can be applied 
successfully in more than just one part of the world 
is given by a series of experiments begun in central 
Spain in 1952. During the preceding years electric 
power for factories and domestic use was frequently 
rationed, due to an almost persistent lack of rainfall 
in the Rio Alberche watershed. An American com- 
pany was awarded a rainmaking contract to be car- 
ried out in strategic mountain towns around this 
1,000 sq. mile watershed which drains into the reser- 
voirs feeding the hydro-electric turbines of the 
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Union Electrica Madrilena. The result of the three- 
year seeding programme was that the stream flow 
through the turbines was boosted up to 68% above 
the average, while the rest of the Iberian peninsula, 
still suffering from drought, received only 75% of 
its normal rainfall. 

Still nearer home, the Swiss Government has ex- 
pressed interest in this type of cloud-seeding pro- 
gramme, and it intends to carry out a series of snow- 
pack-control projects over the Alps to assist hydro- 
electric generators. It has retained the services of Vin- 
cent Shaefer, in association with the American 
General Electric Company. 

Cloud-seeding operations are generally controlled 
through the study of current conditions in the atmo- 
sphere rather than from weather predictions. Field 
crews may be alerted from anticipated weather con- 
ditions, but final orders for operation are always based 
on the measured state of the atmosphere from hour 
to hour. In the United States, current U.S. Weather 
Bureau information is made available through tele- 
type circuits. During the Salisbury Plain rainmaking 
experiments in Britain between 1955 and 1957 a simi- 
lar service was provided to the operators by the 
Meteorological Office. The experiments pointed to 
the fact that mountain seeding would be necessary in 
this country in order to obtain good results, due to 
the lack of strong up-currents over the lower ground 
which are required to carry the silver iodide particles 
into the coldest levels of the cloud formations travel- 
ing overhead. 

_ No commercial rainmaking project should be un- 

‘rtaken without the confident backing of a pre- 
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Fig. 5. A layer of thick cloud. If correctly seeded the extra rainfall so induced would probably be considerable 





operational analysis. This must include a study of the 
historical weather records of the area in order to de- 
termine the frequency and distribution of various 
weather processes and their associated rainfall pat- 
terns. From this the cloud-seeding potential at vari- 
ous times of the year can be evaluated, and it is then 
only one further step to calculate the relationships 
tetween cloud-seeding potentialities of the area and 
its economy. 

Pre-operational analysis of this kind will disclose 
for each project the ratio of benefits to costs. The 
figures obtained so far show that a highly developed 
segment of country with a moderate annual rainfall 
can enjoy the benefits of a weather modification pro- 
gramme at a cost amounting to as little as one half of 
one per cent. of the increased productivity resulting 
from the project. In more adverse areas where annual 
rainfall is low and very little development has taken 
place, it may take a 5-6% increase in the average 
annual rainfall to justify such a programme. This per- 
centage is also a useful criterion for all snowpack pro- 
jects designed to increase water supplies for hydro- 
electric power. The figures are based on a minimum 
project area of five million acres. In smaller areas 
costs are proportionately higher. 

During all cloud-seeding operations the necessity 
for keeping a close track of what is going on has been 
recognised by the scientists in charge. In some coun- 
tries laws have been enacted requiring the licensing 
of operators and the submission of progress 
and final reports. These measures clearly demon- 
strate the success of the modern rainmaking 
technique. 
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The Collapse of Triangulated Frames 
Containing Bolted Angle Struts 


An account of further tests carried out by 
the author in the University of Tasmania 


By M. GREGORY, B.E., A.M.LC.E., A.M.LE.(Aust.) 


OLTED angle members are used extensively 
in framed structures. Electricity transmission 
towers and switchyard structures are familiar 

examples. Simplicity of manufacture and ease of 
erection outweigh the fact that the bolted connection 
is rather inefficient. In the case of the bolted angle 
strut, the eccentric connection produces early failure 
of the member. A series of tests on simple frames 
indicates that, because of the eccentric connection, 
the reserve of strength of a bolted angle strut beyond 
the point at which yielding first occurs is not very 
great. Further tests may make it possible to obtain 
the statistical distribution of this reserve of strength as 
a function of the //r ratio for the strut. This means that 
the collapse load can be obtained in terms of the load 
to cause first yield, and a difficult elasto-plastic analysis 
of the behaviour of the strut is avoided. 

The author has previously described tests on bolted 
angle struts in some simple frames which have 
resulted in linear Southwell Plots on strains. Further 
experimental work is reported, and a _ proposed 
method of rationalisation of the design of such 
members is presented. 


NOTATION 

length of lattice compression member 
measured strain 
axial load in the member=W sec. @ (see Fig. 1) 
Young’s modulus, 9,000,000 Ib. per sq. in. for 
aluminium 
cross-sectional area of the strut 
first Euler load for the strut (calculated on its 
full length /): 
mEl 

PP? 

P_ the bending strain, or measured strain minus 
EA the average strain 
Euler stress: Q/A 
ratio of length to least radius of gyration of a 
strut 
the reciprocal of the slope of the Southwell Plot 
the intercept of the Southwell Plot on the strain/ 
load axis 
EAC, 


Q 
an 
maximum stress (equals Ee in the elastic range.) 
qi Q,/A 


Experimental Work 

Further tests of the type described in Ref. 2 have 
been carried out. In all, 10 plane frames (L, to Lio) 
having the form of sixbay lattice girders, and one 
space frame (S,) have been tested to failure. Flange 
members were single or double 11x} in. MS. 


effective length of the strut given by > = 
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angles, and lattice members were 0:58 = 0-58 x 0-036 in. 
aluminium angles. (Fig. 1). The frames were propor- 
tioned so that failure occurred by buckling of the 
lattice members rather than by yielding or buckling 
of the flange angles. During loading, strains were 
measured in lattice compression members. Previous 
experience that the highest stress occurred at the 
corner of the angle rather than at the edge of the leg 
was confirmed. (Fig. 1). Where single flange angles 
were used, a lattice member bolted to the outside of 
the flange angle was always the first to fail. It appears 
that the torsion of the flange angle is always such as 
to make the end restraint of such a member quite 
low, and thus to cause its early failure. A lattice 
member bolted on the inside of the flange angle seems 
to be less eccentrically loaded. 

A typical plot of maximum strain against load is 
shown in Fig. 2. It is seen that the measured strain 
increases steadily and diverges quite quickly from the 
calculated average strain P/EA. This is due to the 
quite large eccentricity of the bolted connection. 

In Table I details of the frames are given and 
collapse loads are listed. The collapse load is larger 
for smaller //r ratios. Also, for the same //r ratio, 
the collapse load is larger where double flange angles 
were used. This is to be expected, as the stiffer flange 
offers more restraint to the lattice member as it 
deflects. Besides this fact, there are no lattice members 
bolted on the “outside,” as with the single flange 
angle. The effect of the increased end restraint on 
the collapse load is markedly demonstrated by these 
tests. Table I also lists the load to cause “first yield.” 


¢ 





W 
p»qUo UI U2 U3 Ua_Us 


Leh/\/\/\/\P\. 


Lo Li La La L4 Ls Le 
W W 





WORST STRESSED 
POINT IN SECTION 


p= STRAIN MEASUREMENT POINT 





MEMBERS 
Uo, Li, ETC. 
INSIDE 


MEMBERS 
Ui, Li,ETC, 


OUTSIDE 



































TYPE S. 
FRAME Si 


TYPE LSF. TYPE LOF. 
FRAMES Li,TOL6& FRAMES L7 TO Lio 


FIG. | 


WATER POWER October 1959 





we 
O= EA 


ee ae —— ‘ 
AVERAG —74 
e FIRST YIELD 


Qo 


| 


STRAIN 





FRAME L8& 
MEMBER Us,LS 











l 1 l 
00010 O-O0I5 0-0020 
strain & 


FIG. 2 


i 
0-0005 


This is taken at a strain of 0-0013 (or a stress of 
12,000 Ib. per sq. in.), which corresponds to the point 
on the stress-strain curve for the aluminium at which 
the strains increase very rapidly. 

If the behaviour of the members can be defined 
in the elastic range, the load to cause first yield can 
be calculated. For the frames tested, the collapse load 
is not more than 9% greater than the load to cause 
first yield, and for practical purposes it may con- 
servatively be taken as the first yield load. The reserve 
of strength in the plastic range can then be regarded 
as a small extra safety margin. Calculation of the 
collapse load then reduces to the problem of deter- 
mining the behaviour of the frame in the elastic 
range. 

Fig. 3 shows the Southwell Plot on strains for one 
of the lattice members which failed. This plot is 
typical of plots drawn for every compression member 
in every frame tested. The graph is linear, and has an 
equation of the form 

e—P/EA 


«—P/EA r 
r 





FIRST YIELD>——-_| 
@ 


i 


0-4 06 0-8 
0? (E-P/EA) 
FIG. 3 








where Q, is the reciprocal of the slope of the graph, 
and C, its intercept. Equation (1) reduces to 
a 0, 


a 
=F (l+m . .(2) 


a woe" 
q:i—P/A 
where »= EAC, and f is the maximum stress. 

Equation (2) defines the behaviour of all struts 
in all the frames tested to date. Fig. 3 is typical of 
42 such plots on bolted angle struts. The values of 
Q, and 7», are empirical, and obtained from the 
Southwell Plot. », may be regarded as an eccentricity- 
crookedness factor and Q, as the Euler load of some 
effective length L. Both 7, and Q, will vary with the 
type of structure. In particular, 7, will be a function 
of the iype and location of the end fixing for the 
strut, its eccentricity of loading, and its initial crooked- 
ness, while Q, will vary with the degree of restraint 
exerted on the strut by adjacent members through 
the end fixing. That is, both Q, and 7», will be functions 
of the whole structure. 

The behaviour of the strut is thus defined by two 
parameters, 7, and Q,. It is convenient to consider 
an effective length ratio 

Zz 
l OY 

Fig. 4 shows values of 7, and L// obtained for 42 
compression members in the 11 frames tested. The 
distribution is quite random, as is to be expected. 


instead of Q,. 


TABLE I. LoAD CAPACITY OF FRAMES 


Type 
(see Fig. 1) 


in. 
15°5 
15°5 
15°5 
10°1 
10°1 
10°1 
15°5 
135 


LSFX 
LSF 
LSF 
LSF ° 
LSF 
LSF 
LDF 
LDF 
LDF iS‘S 
LDF 15°5 
Ss 13S 


103 


165 
185 
125 
139 


143 


Frame L1 is reported in Ref. 1 and frames L2 to L6 in Ref. 2. 
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103 
95 
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128 
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For practical design purposes, it is required to know 
the maximum value of 7, and the maximum value of 
L/l to be expected in the structure concerned. That is, 
some envelope above and to the right of ali the plotted 
points is needed. Given sufficient tests, such an 
envelope can be drawn. A functional relation between 
nm, L// and //r can then be written. Substitution of 
this relation in Equation (2), putting f equal to the 
yield stress, then enables solution for the value of 
P/A to cause first yield. A suitable load factor can be 
applied to give working loads. In the long run, of course, 
permissible stresses can be tabulated as at present. 
For shorter, stiffer struts, the reserve of strength 
beyond first yield may be considerable. Tests on other 
structures indicate that the collapse load may exceed 
first yield load by up to 30% for centrally loaded 
struts, but the reserve is much less in the case of 
eccentric loading. Further tests should make it possible 
to systematise this reserve as a function of //r. 
REFERENCES 
1. Grecory M. “Model Investigations on Bolted Angle Struc- 
tures.”” WATER Power. May 1959, p. 178. 
2. Grecory M. “Further Research on Bolted Angle Struc- 
tures.”” WATER Power. August 1959, p. 308. 


From page 374 
SUPPLIERS OF EQUIPMENT 

Concrete mixers: 

London Concrete Machinery Co. Ltd., London, Ontario. 

Jaw crushers: 

Forano Ltd., 7000 Park Avenue, Montreal. 

Dump mine cars: 

Mine Equipment Co. Ltd., 6685 Upper Lachene Road, 
Montreal 28. 

8,000 kVA transformers, generators and circuit breakers: 
Canadian General Electric Co. Ltd., 214 King St. West, 
Toronto, Ontario. 

Compressor: 

Canadian Broomwade Ltd., 144 Park Lawn Road, Toronto 
14, Ontario. 
Sand screens: 
Machinery Co. Ltd., Dominion Road. 
Gantry crane: 
Richard Wilcox Canadian Co. Ltd., Ontario. 

Waterwheel generators: 

Canadian Westinghouse International Co. Ltd., 195 Fleet 
St. East, Toronto, Ontario. 





Testing Heavy-duty Steel Castings. A handsome 
booklet issued by George Fischer Limited, of 
Schaffhausen, reproduces an article, in English, by 
Dr. M. Sempert, which gives an account of the 
Brown Boveri 31-MeV betatron and its importance in 
testing castings in the foundry. The article is fully 
illustrated and various types of water turbine are 
shown under test. A full list is given at the end of the 
article of 10 methods used for the nondestructive 
testing of steel castings and these are now available to 
customers at the Schaffhausen works of George 
Fischer Limited. 


Expandite Limited Silver Jubilee. A souvenir brochure 
has been issued by Expandite Limited, Chase Road, 
London, N.W.10, to mark their Silver Jubilee. This 
company has concentrated on the development of 
joint fillers, waterstops, and sealing and waterproofing 
compounds to meet all possible requirements, from 
motor-car bodies to dams and from refrigerators to 
airport runways. With the acquisition of subsidiary 
companies like Secomastic Limited 7nd Philplug 
Limited, activities have been extended to cover anti- 
corrosion treatment for iron and steel, cold pipe 
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3. Nutr J. G. “The Collapse of Triangulated Trusses by Buckling 
within the Plane of the Truss. ” The Structural Engineer. May 
1959, p. 141. 


Penstocks: 
Davie Ship Building Ltd., P.B.130, Levis P.O. 
Steel roller shutter door: 
G. Brady Co., Manchester, England. 
Winches: 
Hayer Manufacturing Co. Ltd., 225 West Second Avenue, 
Vancouver. 
Multiple-jet impulse turbines: 
Dominion Engineering Co., P.B.220, Montreal. 
Butterfly valves: 
Vancouver Iron Works Ltd., 
Vancouver. 
Gates: 
Canadian Vickers Ltd., P.B.550, Montreal. 
Electric travelling crane and spares: 
Provencial Engineering Co., 674 Furguson St., Niagara 
Falls, Ontario. 
Diesel locomotives: 
Ruston & Hornsby Ltd., Lincoln, England. 
Structural steel plant I and II: 
Standard Steel Construction Co., Ontario. 


1155 West South Avenue, 





caulking compounds, screw and bolt fixings, and many 
other devices. The applicability of the Group’s 
products to hydro-electric and general civil-engineering 
structures needs no emphasis. 





From page 385 
or, As=[1./1}} xh. And, putting €=A.?/(3r’) into the 
author’s equation we could find the natural frequency 
f of vibration of the penstock after the stiffeners are 
fixed. This could better be applied to the case in which 
many stiffener rings are attached to the penstock, with 
comparatively small spacings but with rather smal! 
sectional areas. Of course, this method of computa- 
tion gives only an approximate value. If a more 
rigorous value is required, we must resort to the so- 
called theory of thin shells with anisotropic elasticity. 


REFERENCES 


1 F. Kito, “On the Vibration of a Penstock,” Trans. Japa 
Soc. Mech. Engrs., Vol. 18, No. 69. 

2 F. Kito, “Report on Investigation of Vibration of Pen 
stocks in Hydro-Electric Power Stations,” 
Soc. Mech. Engrs., Vol. 55, No. 403. 
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Fig. 1. A general view of the Atiamuri power station from the air 


Atiamuri Power Station, New Zealand 





Brief particulars are given of a new power station on the Waikato 
river. The construction of the dam presented some unusual features 


OLUTIONS for interesting engineering problems 
S involved in some aspects of the Atiamuri hydro- 
electric scheme, the fifth to be built so far on the 
Waikato river, New Zealand, have resulted in a 
creditable achievement. 

There is a 154,000 cu. yd. concrete gravity dam with 
a structural height of 120 ft. It is 126 ft. wide at the 
base, the crest is 550 ft. long by 18 ft. wide, and it is 
flanked by an 800 ft. long earth wing dam which 
seals off geologically earlier beds of the river. The 
dam deck is 845 ft. above sea level and the maximum 
flood level (27,000 cusecs) is at El. 838. The operating 
range of the lake is El. 831 to El. 836. 

This undertaking was programmed to provide its 
first electricity by July 1959, but the first of three 
21,000 kW sets was operating by mid-November 1958. 
The third machine was*commissioned during May of 
this year, bringing the power house up to its initially 
planned installed capacity of 63,000 kW. A fourth 
machine has now been ordered to provide part of the 
peak capacity required to balance the base-load geo- 
thermal station at Wairakei. 

In common with most major works in New Zealand 
he construction schedule allowed rather more time 
ian is usual in many parts of the world. This was 
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largely for economic reasons, and to permit optimum 
use of locally available resources in technical skill, 
manpower and equipment. Four other major power 
schemes were in hand during the same period and in 
the same watershed, one of them the unique geo- 
thermal development. 

Civil works at Atiamuri began in November 1953, 
involving the clearing of a considerable area of pine 
forest, about 10 miles of access roading and a new 
380 ft. bridge across the Waikato. The latter was 
designed by the Ministry of Works and erected under 
a contract supervised by the project engineers. 

The twin concrete diversion culverts, each approxi- 
mately 450 ft. long and 16 ft. wide, were completed 
towards the end of 1956 and the river was diverted in 
mid-January 1957. This was done during a flow of 
about 6,000 cusecs., 50% of which was taken by the 
culverts after removal of the inlet dumpling. 

Large boulders were pushed in from either bank, 
and after the dumplings had been blown the main flow 
was blocked off with 32 ton cubes of 10 ft. by 2 ft. 6 in. 
in square gabions, until a stable fill of rock and 
impermeable silt could be placed. Some of these 
cubes were washed downstream as far as 50 ft. before 
settling, but in three hours over 200 gabions were 
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dumped into the river to produce an effective closure. 

A bulldozer aided by reardump trucks at once 
began placing pumice breccia upstream on and around 
the gabions, and when stability had been achieved silt 
was tipped as a seal on the upstream face, followed 
by a wave-protection blanket of breccia, thus pro- 
viding a cofferdam effective against a head of from 
30 ft. to 40 ft. during floods. 

Part of the power house, the office block, and the 
control room were built during construction of the 
diversion culverts. Precast concrete panels were used 
for cladding the walls and roof of the power house. 

Work on the dam, steel penstocks, power house and 
control block was conventional, but the rhyolite dome 
on which the main concrete structure was founded 
proved to be deeply fissured, although structurally 
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Fig. 2. Shaft and gallery method of drainage 
sound. It required a great deal of grouting for suc- 
cessful consolidation. 

In all some 16,000 tons of cement was used for 
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Fig. 4. Section through earth dam and cut-off wall 


grouting, the largest requirement for a single hole 
being 880 tons. Consolidation grouting extended to 
30 ft. below foundation level, and curtain grouting to 
120 ft. The success of this programme became evident 
after the lake had been filled in mid-November, for 
there were no unexpected changes in pressure under 
the dam, in leakage, or in ground-water level. 

Highly permeable deposits of boulders, gravels and 
fine sands overlying pumice breccia to depths varying 
from 50 ft. to 120 ft. occupied the old river beds to 
be sealed by the earth dam. An open cut was excavated 
down to normal ground-water level, at an average 
depth of about 60 ft. This called for removal of some 
300,000 cu. yards to a natural batter, the cut varying in 
width according to the nature of the country. It was 
from 30 ft. to 300 ft. wide at the bottom and from 
150 ft. to 400 ft. wide at the surface. 

Test work showed that rhyolite boulders scattered 
haphazardly through the river deposits would make 
it impossible to drive sheet-steel piles with sufficient 
accuracy to prevent water flow, and trial cast-in-situ 


Fig. 3. Upstream view showing progress of work on power house and concrete gravity dam 
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Fig. 5. Installation of generating equipment at Atiamuri 


piling was similarly unsuccessful. A 5 ft. thick concrete 
cut-off wall from normal ground-water level down to 
the firm pumice breccia and keyed a minimum of 5 ft. 
into it was therefore constructed. 

Drainage, of course, was a major problem during 
excavation and concrete work on the cut-off wall, and 
this was solved with a system of drives and shafts in 
rock totalling some 525 ft. 

A horizontal drive at original ground level, 8 ft. 
high and 6 ft. wide, was extended for about 70 ft. into 
the rock of the right bank. From it a vertical shaft was 
sunk to a depth of about 125 ft., and from this a 
drainage gallery was driven through the rock for 
about 330 ft. beneath the earth-dam site. Bores from 
the open cut into this gallery were fitted with control 
valves and a pump chamber was installed. 

Pumping from the drainage gallery back to the 
river began at 1,800 g.p.m., but after two days ground- 
water level was sufficiently de- 
pressed along the length of 
the cut to permit excavation 
going ahead while pumping 
was maintained at 250 g.p.m. 
On completion of this phase, 
when drainage became no 
longer necessary, the gallery and 
access drives and shaft were 
sealed with concrete. 

A British-pattern steel trench 
sheeting, driven by hand-operated 
pneumatic tools, was used in 6 ft. 
descents, with timber bracing, for 
the final excavation, and was re- 
moved as concrete pouring pro- 
ceeded. Excavation at this stage 
was by hand methods. 

On top of the concrete cut-off 
wall a grouting gallery 8 ft. high 
and 4 ft. wide was built to 
extend into the earth dam, thus 
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allowing for curtain grouting to be carried out 
while materials for the watertight core were being 
placed and compacted. This curtain was carried 30 ft. 
below the foot of the wall. 

About 420,000 cu. yds. of material were used in the 
earth dam, of which 100,000 cu. yds. were placed in 
the core which occupied the open cut. This latter was 
unsilicified pumice breccia. Compacted sand was used 
for shoulder materials, founded on the existing river 
bed. Boulder riprap was used to protect the upstream 
face, while the crest and downstream face were 
finished with soil and gravel and sown in grass. 

Electricity is being generated at 11 kV by 21,000 kW 
ASEA alternators, and the turbines are of the English 
Electric vertical-shaft Francis type, producing 30,000 
h.p. at 125 r.p.m. under 81 ft. net head. 

The main penstocks are 17 ft. 6 in. in diameter and 
the auxiliary is 3 ft. Normal gross head is 82 ft., and 


Fig. 6. Atiamuri dam during impounding of the waters 





WESTERN EUROPE’S LARGEST 






HYDRO-ELECTRIC POWER STATION 





Atlas Copco pneumatic equipment 


for Spanish project 


What isto be the largest hydro-electric power station in Western 
Europe is now being built by Iberduero S.A. at Salto de Aldead- 
avila. The great dam will finally tame the River Duero and 
enable Spain to increase her hydro-electric capacity by 25%. 
ANNUAL OUTPUT — 1,700 MILLION kWh 

The dam will form a reservoir for 150 million cu. yds. of water. 
The underground power station containing six units will have 
an installed power capacity of 762,000 kVA. Annual output of 
the project is estimated at 1,700 million kWh. This power 
station alone will give Spain a larger increase in installed 
capacity than the total national increase in hydro-electric 
energy during the period 1950-1954. 

925,000 CU. YDS. OF ROCK TO BE EXCAVATED 

All the rock drilling on the site is being done by 165 Atlas 
Copco rock drills using Sandvik Coromant drill steels. Tunnel- 
ling accounts for more than half of their excavation task 
which, in all, amounts to almost a million cu. yds. They are 
powered by a battery of 14 stationary compressors—types 
currently the leading choice for tunnelling projects throughout 
the world—the Atlas Copco AR3 and AR4. 

MORE THAN 1,300 MILLION FEET DRILLED EVERY YEAR 

Atlas Copco rock drills and Sandvik Coromant steels were 
developed to work together as a lightweight drilling unit. 


and Sandvik Coromant drill steels | 











Responsible for drilling more than 1,300 million feet annually, 
this drilling combination is now the most widely used in the 
world. 


A COMPLETE RANGE OF COMPRESSED AIR EQUIPMENT 

Atlas Copco manufactures portable and stationary compres- 
sors, rock-drilling equipment, loaders, pneumatic tools and 
paint-spraying equipment. Sold and serviced by companies or 
agents in ninety countries throughout the world. 


Stlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden, 
er Atlas Copco (Great Britain) Ltd., Maylands Avenue, Hemel Hempstead, Herts. 
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one cusec produces 5.99 kW. Full-load flow with 
three machines is 10,200 cusecs. The energy output 
with a mean river flow of 5,850 cusecs is 309 million 
kWh a year. 
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Book Reviews 


A Collection of Papers on Underground Pipeline 
Corrosion. Vol. III. Received from George B. 
McComb, 8038 Lafon Place, St. Louis 24, Missouri, 
U.S.A. 

This volume of the “Collection” gives special 
emphasis to cathodic protection against pipeline 
corrosion and deals with such matters as to how this 
technique is likely to affect design, operating costs and 
maintenance costs. The idea behind this Collection 
of Papers is to bring together all relevant data on the 
many causes of underground pipe corrosion and to 
compile a background of knowledge likely to con- 
tribute to better design and construction practices 
with a view to reducing operating costs. It should be 
understood that the papers refer to gas, waterworks 
supply and petroleum pipes rather than to power 
penstocks but the findings naturally apply to all types 
of underground metal pipes. The substance of some 
20 papers is given in this volume and deal with 
microbiological deterioration, the Redox probe field 
technique, the electrical insulation of underground 
pipelines, cathodic protection interference, the copper 
sulphate electrode, evaluation of coatings, the effects 
of soil on asphalt, etc. 

Mr. McComb, who has been commissioned to 
assemble these studies, is providing a vast wealth 
of material on all aspects of underground corrosion 
and an important series of references for all interested 
in this important subject. 


Flood Control. Series No 13. United Nations Publica- 
tion representing the Proceedings of the Third 
Regional Technical Conference on the Water 
Resources Development in Asia and the Far East. 
Obtainable from Sales & Circulation Section, United 
Nations Office, Palais des Nations, Geneva, Switzer- 
land, or Department of Public Information, United 
Nations, New York, U.S.A. Price $1:75 (U.S.), 
12s. 6d. stg., or 7.50 Swiss francs. 

This publication is concerned with promoting the 
exchange of information between member Govern- 
ments and between national and regional organisa- 
tions. The conference to which it refers was held in 
December 1957 in the Philippines, there being 136 
participants representing ‘19 countries. Current pro- 
grammes for the development of water-power 
resources were discussed in the light of the problems 
that were likely to arise. Other questions that arose 
were concerned with hydrological data, stress being 
placed on some of the deficiencies which had been 
found. The methods in current use were considered, 
both permanent and temporary, and attention 
was given as to what was the best method of measuring 





WATER POWER October 1959 





flood flows, particularly in large rivers. The study of 
rainfall and run-off relationship was also brought 
into the picture and relevant data were put forward. 

The relative cheapness of manual labour in the 
regions under review made it effective in competition 
with the machinery normally used for earthwork, 
and the factors leading to better efficiencies with 
manual labour were discussed. Questions were also 
raised as to how bottlenecks were created by such 
matters as the difficulty of obtaining foreign exchange 
and the availability of trained operators and 
mechanics. 

Considerable space is given to the constructional 
work on river development schemes and whether 
it was better that this should be done by a Govern- 
ment agency or by a private contractor. Papers were 
given on hydro-electric construction in the Soviet 
Union, on the use of Soviet rivers as waterways, 
on hydro-electric projects in Indonesia and the five- 
year flood-control programme in Japan. 


Kraftwerk Schwarzach (The Schwarzach Power 
Station), published on the occasion of the Vienna 
Spring Fair, 1959, by Springer-Verlag, Mélkerbastie 5, 
Vienna 1, as a special issue of Osterreichische Zeit- 
Schrift fiir Elektrizitétswirtschaft, Vol. 12, No. 2, 
February 1959; paper bound, 8 in. x 114 in., 175 pp., 
134 ff., 1 colour plate, I folding map. 

In no fewer than 40 articles, all the problems 
encountered in the designing and building stages 
of the Schwarzach project are described and discussed 
in detail. The outstanding feature of this 120,000 kW 
plant is that it will have about the same average 
yearly production as the 220,000 kW Kaprun main 
stage of the development farther upstream, that is, 
482 GWh against 486 GWh. The main characteristics 
of the plant are: Yearly annual discharge, measured 
at the intake, 1,632 million cu.m. of which at least a 
third occurs during the winter months; a 15-chamber 
sand trap, 151 m. in overall length, each chamber 
measuring 5 m. in width by 37 m. in length, with a 
depth varying between 4:25 and 6-00 m.; a 17 km. 
diversion tunnel designed for a maximum flow of 
85 cu.m. per sec. discharging into a balancing reser- 
voir 1-5 million cu.m. in useful capacity, and operating 
either as a gravity or pressure tunnel in accordance 
with the widely fluctuating level of the balancing 
reservoir; a pressure shaft 850 m. long, with a maxi- 
mum gross head of 149-00 m. and designed for an 
installed discharge of 107 cu. m. per sec.; a machine 
hall 70-4 m. long by 13-9 m. wide, with a height of 
12:8 m. above, and 12-5 m. below floor, housing four 
30,000 kW generating sets each of which consists of a 
44,900 h.p. Francis turbine and a 35,000 kVA syn- 
chronous a.c. generator. There is hardly any chapter 
of this handsome brochure which is not of general 
civil-engineering or water-power interest. We should 
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Spare parts for 


compressors and engines 


interchangeable 
throughout the series 


Atlas Copco now introduce a range of V T 
compressors, all incorporating the major 
changes in design and production that 
made the VT4 so successful. The VT 
series comprises four compressors with 
capacities from 115 to 315 cfm. These new 
machines have taken power/weight ratios 
into a new dimension, being lighter and 
more compact than any other type of 
compressor, piston or rotary, in their class. 


@ All machines are TURBO-COOLED — 100% air- 
cooling—no risk of freezing or overheating 
and they work with equa! efficiency anywhere 
in the world. 

@ The VT machines are the result of major 
changes in design and production methods. 
They are the only compressors with the crank- 
case, bellhousing and cylinder ducting in one 
piece welded design. 





‘PACKAGED POWER’ 


the world’s lightest and smallest 
series of portable compressors- 
piston or rotary! 


@ Basic simplicity eliminates maintenance 
problems—local mechanics anywhere can 
service these units; the canopy is completely 
stripped in minutes; loosen three bolts and the 
complete engine-compressor unit lifts out; un- 
screw one nut and all four valves in the low 
pressure cylinder can be removed. 

@ The FUvuELMISER automatic speed adjuster 
means smooth running and fuel saving of up 
to 25%. 

@ Manhandling on site is a simple operation 
due to the low weight and pivoting nose wheel. 
Torsion bar suspension and built-in lifting eye 
simplify transport problems. 

@ Powered by rugged Deutz 4-stroke air- 
cooled diesel engines, backed by a world-wide 
service organisation. 

@ Both compressors and engines use the same 
type of lubricant. 


@ Fully automatic drain cocks simplify daily . 


operation. 


VT6 





315 cim. \_ _/ 


SMtlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local Atlas Copco company or agent or write to: Atlas Copco AB, Stockholm 1, Sweden 
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however like to draw special attention to some of the 
articles dealing with actual construction work, such as: 
“Engineering Problems Encountered in the building 
of the Power-water Intake at Gries and the Wolfbach 
Stretch of the power tunnel,” by Obering. Anton 
Gébl and Dip 1. Ing. Kurt Jacobs, p. 106; “Progress 
of Work on the Salzach Diversion Tunnel,” by Ing. 
Rudolf Ubelacker and Dipl. Ing. Walter Hosnedl, 
p. 112; “Lessons drawn from the Building of the 
Lend Tunnel Stretch’ (rock-pressure phenomena, 
rock anchoring, concrete spraying), by Dr. Ing. 
Hermann Kastner, p. 117; “Building the Birgl 
Section of the Power Tunnel,” a collective report 
contributed by a team of engineers of the Kaprun 
power station, p. 122. Both photographic and line 
illustrations are of the highest order. The Schwarzach 
plant, which should by now be in full activity (two 
of the generating sets have been on the line since 
September and November 1958, respectively), will 
be a most valuable addition to the installations of the 
Tauernkraftwerke A.G., and substantially increase 
Austria’s peak-period generating capacity. 


Periodicals of Reference Value: Form and Presentation. 
B.S.2509:1959. British Standards Institution, 2 Park 
Street, London, W.1. Price 6s. net. 

This Standard, which is intended mainly for the 
benefit of publishers and editors, brings up to date a 
previous Standard under the title ““Layout of Periodi- 
cals,” the title having been changed to avoid an un- 
intended typographical implication. All the clauses of 
the 1954 edition have been retained with modifications 
incorporated in the light of comment and criticism over 
the past five years. The most significant change is in 
the clauses on “Articles and other contributions” 
which now advocate internationally recommended 
practice; the new Standard itself conforms in the main 
to a recommendation of the International Organisa- 
tion for Standardisation (ISO/R8). 


Annuaire Hydrologique de la France—1957. Société 
Hydrotechnique de France, 199 rue de Grenelle, 
Paris VII. 272 pp. Price 3,500 fr. net. 

This well-known year-book gives the most exhaustive 
details of the hydrology of France for the year 1957, 
based on readings from 745 stations. Basic stations 
were increased by six to 82, and details of their daily 
readings are published in the year-book. Monthly 
results are published from a further 357 stations. 
There was an overall deficiency of flow of over 25 %— 
a figure which has only been exceeded twice since 
these statistics were first published in 1921. In the 
hydro-electric basins the deficiency was 20%, and 
storage enabled Electricité de France to reduce the 
shortfall in generation to 15%. 


Advanced Mechanics of Fluids. Edited by Hunter 
Rouse from contributions by various authors. 
Published by John Wiley & Sons, Inc., New York; 
also Chapman & Halt Limited, 37 Essex Street, 
London, W.C.2, 444 pp., 142 ff. Price 78s. net. 

This book is the sequel to “Elementary Mechanics 
of Fluids” by Rouse, and forms, with it, a very much 
expanded version of the earlier “‘Fluid Mechanics for 
Hydraulic Engineers” also by Rouse; not to mention 
several other books on hydraulics written or edited 
by this eminent author from Iowa University and the 
'owa Institute of Hydraulic Research. 

As the title indicates it is an advanced treatment of 
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the subject and consequently enters the realm of the 
aerodynamic engineer. However, the opening chapter 
should make useful reading to the hydraulic engineer 
in that it stresses the importance of bridging the gap 
between experimental and theoretical procedures and 
may help to correct a current tendency to solve 
hydraulic problems either entirely by experiment on 
models, or entirely by theoretical formulae. As this 
book states, “only through a combination of analytical 
and experimental techniques can results be obtained 
which are physically sound.” The remainder of the 
book then plunges deeply into the analytical side, and 
covers: “Fundamental Concepts and Equations,” 
“Principles of Irrotational Flow,’’ Conformal Repre- 
sentation of Two-dimensional Flow,” “Laminar 
Motion,” “Turbulence,” “Boundary Layers,” “‘Free- 
Turbulence Shear Flow,” The water-power engineer 
may overlook that amongst the wealth of high mathe- 
matics there are to be found the solutions of some of 
the simpler problems he has to contend with; such as 
the angle of separation for a divergent channel, the 
diffusion of a submerged jet, flownet techniques, etc. 


Technology in American Water Development. By E. A. 
Ackerman and G. O. G. Léf. Published for Resources 
for the Future Inc., by The Johns Hopkins Press, 
Baltimore 18, Maryland, U.S.A. Distributed in Great 
Britain by Oxford University Press, Amen House, 
Warwick Square, London, E.C.4; price 80s. net. 
Illus. 709 pp., including index. 1959. 

This book is stated in the preface to be an explora- 
tory study having the following objectives: To review 
the significance of technical changes in the past, to 
appraise the social and economic influences which tech- 
nology may exert in the future and to consider the re- 
lationship which exists between technology and the 
administrative aspects of water development in the 
United States. It should be understood that the authors 
refer to all kinds of water usage—domestic consump- 
tion, sewage, irrigation and so on—and that its use is 
in no way confined to the generation of power. In fact, 
the first four chapters are devoted to such subjects as 
the geographical nature of water occurrence in the 
United States, its general use, the seasonal periodicity 
of demand and supply, and to such problems as 
quality and quantity. In the United States, as else- 
where, there is an increasing demand for water in 
virtually every branch of industry, all of which are 
expanding, e.g., plant breeding, the growth of the 
chemical industry, residential demand, hydro-electric 
generation and so on. Various examples are given of 
techniques designed to decrease the demand for water, 
that is, the use of drought-resistant crops and the 
adoption of new methods for saving water in the 
disposal of wood-puip and food-processing wastes. 

More appropriate to readers of WATER POWER are 
the methods outlined for enlarging the scale of water- 
storage facilities by the improvements made in earth- 
moving equipment and in tunnel driving and 
canal-making techniques. Other topics refer to 
expanding the physical range of water recovery by 
increasing percolation and by modifying the weather 
by cloud seeding and, in fact, every aspect of increasing 
the supply of water available, its conservation and 
economical usage is considered. This book represents 
a thorough research, in the widest of contexts, into the 
whole subject of water supply and usage in the light of 
modern technology. 


397 








* Powerful digging .. long throw 


* Central lubrication 


* Vital parts completely protected 


* Reduced operator fatigue 
* Safer to work with 


Digs Deep .. . fills long cars to capacity 

Bucket operating and traction motors are of the vane type— 
rapid in action, simple in design. The LM56 has a higher total 
motor capacity than any comparable machine. The bucket bites 
deeply into the muck pile and becomes well filled. With its strong 
and rapid throw, the LMS56 fills even long cars to capacity. 


Central lubrication simplifies maintenance 

Synchronized to the working tempo of the loader, the central 
lubricator supplies the right quantity of oil to the right part of 
the machine at the right moment. The daily control can thus be 
confined to one lubrication point only. Oil delivery is easily 
regulated by a screw on top of the lubricator and checked 
through a glass tube. 

Vital parts completely protected 

LMS6 is not affected by the water and dirt that surround it 
underground. The vital parts are completely protected by special 
sealings, and the amply proportioned gears are made to with- 
stand the stresses of rough work. That is why it gives long and 
reliable service under the toughest conditions. 

Special silencers and new controls reduce operator fatigue 

LMS6 is remarkably silent running and easily operated. Each 
motor is fitted with a separate absorption silencer enclosed in 
the gear box. 





LM56 SHOVEL LOADER /oads 65 cu. yds. an hour 








Loading capacity is commonly given as theoretical capa- 
city, obtained by multiplying the loading cycle with the 
bucket capacity. Such ideal conditions may conceivably 
be approached when loading sand or gravel. The capacity 
of LMS6 is a realistic average obtained from numerous 
time studies of ore loading under normal working conditions. 











Smooth working air controls, of a completely new design, are 
also fitted with special silencers. 

Safer to work with 

LMS6 is carefully designed for maximum safety. One quick 
movement of a vaive lever and the machine is immediately shut 
off and cleared of air. This makes service and repair work safer 
and easier. The air control levers are easily locked in a neutra! 
position so that the machine cannot be set in motion by acci- 
dent. The operator’s feet are protected by a safety rail in front 
of the wheels. 

A complete range of compressed air equipment 

Atlas Copco manufactures portable and stationary compres- 
sors, rock-drilling equipment, loaders, pneumatic tools anc 
paint-spraying equipment. Sold and serviced by companies or 
agents in ninety countries throughout the world. 


Sttlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to 
Atlas Copco AB, Stockholm 1, Sweden, or Atlas Copco (Great Britain) Limited, Beresford Avenue, Wembley, Middlesex. 





2 


WATER POWER October 1955 

























A new company has been formed, Coating Con- 
tractors Limited, who are associated with E. & F. 
Richardson Limited, for the specific purpose of 
applying special techniques on the uses of elastomeric 
and hard protective coatings. The coating material 
used is a type of synthetic rubber and not a modified 
natural rubber such as chlorinated or isomerised 
rubber. Its chemical combination is a polychloro- 
butadiene material, and is commercially marketed as 
Neoprene. Coatings with this material have been 
found to be resistant to abrasion, atmospheric 
weathering, have a high water impermeability and a 
good resistance to oxygen. This is particularly 
valuable in the protection of concrete tunnels, 
especially where there is a change of direction of 
flow and where the danger of erosion is more marked. 
There, a thicker coating is usually applied. The 





A 30 in. wedge gate valve during shot-blasting prior to 
lining with Neoprene Adcora 


WATER POWER October 1959 


Protective Coatings for Channels and Penstocks 


surfaces are coated either by brush or spray gun, 
and for larger areas, special equipments are used. 

Large steel pipes and penstocks are similarly 
treated and it has been mentioned that the Tummel- 
Garry aqueduct in Scotland was coated with Neoprene. 

Under ordinary conditions, a single coating is 
applied which is usually about 0-010 in. thick. Centri- 
fugal pump casings can be lined with Neoprene as a 
protection against graphitic corrosion and cavitation. 
Among the possibilities for this product, it may be a 
good idea to coat spillweirs as a safeguard against 
erosion. 


Fault Detector for High-Voltage 
Power Lines 


An electronic fault detector has been developed by 
Ferranti Limited of Edinburgh in co-operation with 
the North of Scotland Hydro-Electric Board to 
facilitate rapid location of faults occurring on 132 kV 
grid lines. Development of the detector was initiated 
by the Board who were extremely interested in elec- 
tronic methods of fault detection, due to the fact that 
many of their 132 kV lines lie across difficult and 
mountainous terrain which is extremely difficult to 
traverse, especially in winter, unless the position of a 
fault can be traced with reasonable accuracy, it 
becomes necessary for linesmen to patrol the line 
in search of it, a practice which can be very costly 
and time consuming. 

The types of fault that can be expected, fall into 
three broad categories; latent, sustained and transient 
faults. An example of a latent fault is an impaired 
ground clearance of a conductor, which will not cause 
flashover at normal voltages. A sustained fault can be 
produced by a broken conductor or a badly damaged 
insulator string. A transient type of fault occurs when 
lines clash during a high wind, or lightning strikes the 
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line. The North of Scotland Hydro-Electric Board 
have one type of fault which commonly occurs during 
the winter, namely, ice accretion on the lines. This 
commences as a latent fault since the conductors 
merely sag. It eventually develops into a sustained 
fault when the conductors sag sufficiently to touch the 
ground or each other. 

The type of locator chosen by Ferranti Limited 
to deal with these problems was the so-called radar 
type locator. This locator works on the radar principle 
of pulse reflection, the reflection in this instance being 
caused by any local variation in line characteristic 
impedance. The distance to the fault can be found by 
measuring the time interval between the sending of 
the pulse and the reception of its reflection. 

Radar type locators can be divided into two classes, 
i.e., d.c. and a.c. In the d.c. type, direct connection is 
made between the line and the locator. This means 
that this is a “dead line”’ type of locator since it cannot 
be connected to a live line. It can, therefore, only 
detect sustained faults. The a.c. locator is coupled 
a.c. fashion to the live line, through some suitable 
coupling device, which is usually the coupling capacitor 
used with the carrier control system. This type of 
locator can detect transient faults at the expense of 
increased complexity. D.c. locators usually tend to 
be portable devices, whilst a.c. locators, due to 
coupling difficulties, usually have to be permanently 
sited at sub-stations. 

The d.c. locator developed by Ferranti Limited 

has performed very well under test conditions with 
the North of Scotland Hydro- 
Electric Board. It has successfully 
located staged faults under varying 
conditions and it is hoped that it 
will be able to detect the onset of 
icing conditions on the line before 
the lines sag sufficiently to touch 
the ground. It should be borne in 
mind that staged faults with a 
locator of this type are in fact 
similar indeed to real faults, since 
this type of locator cannot deal 
with transient faults, which can be 
of a somewhat freakish nature. 
This type of locator, however, is 
only regarded as a preliminary 
step since it is restricted in the 
type of fault that it can 
detect. Obviously any live-line 
fault of a transient nature is 
beyond its scope. 

In view of this, further develop- 
ment is proceeding on an a.c. type 
locator, and this work is 
being done in co-operation with 
both the South of Scotland 
Electricity Board and the North of Scotland Hydro- 
Electric Board with a view to covering fault conditions 
on both 132 kV and 275 kV lines. The technique to 
be used for the detection of transient faults involves 
leaving the equipment normally in a standby condition 
and switching to the operating state in the few milli- 
seconds, between the detection of a fault by the normal 
line protection equipment, and its clearance by the 
operation of the circuit breaker. 

There is no difficulty in attaching these locators to 
lower voltage systems, such as 33 kV and 11 kV lines. 
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However, with these lines considerable practical 
difficulties of interpretation exist due to the many 
side-spurs which “‘tee off” at fairly frequent intervals. 
Each spur causes multiple reflections, which tend to 
confuse reflection from the actual fault. 


The CP.G-800 Tracdrill 


A self-propelled, track-mounted drilling rig, mount- 
ing a 4 in. or 44 in. drifter has been introduced by 
The Consolidated Pneumatic Tool Company of 232 
Dawes Road, London, S.W.6, and is used for large- 
diameter deep-hole drilling operations in quarries and 
civil engineering works. Two 6 h.p. reversible motors 
provide the motive power for propelling the rig at a 
speed of 24 m.p.h., while towing a 365-RO-2 com- 
pressor for supplying the compressed air. 

The rig carries a drilling mast which is retracted to 
the horizontal position, for travelling or positioned 
at any angle for drilling, by means of hydraulic 
cylinders; these are operated by an air-operated 
hydraulic pump. The unit can also be supplied with a 
further pair of cylinders for inclining or swinging the 
drill carriage, thus reducing fatigue and making 
positioning fully automatic. Other features include 
multiple disc brakes, a throw-out clutch for towing and 
a hydraulic drill positioner control panel. The crawler 
control is of the spring-loaded “deadman” type and 





gives forward, reverse, turning and pivoting move- 
ments. Of particular interest is the totally enclosed 
drive, all motor parts, brake components, clutch and 
drive gearings being fully enclosed to protect them 
from dirt and damage. To ensure efficient lubrication, 
a large air strainer and line oiler is fitted. 

The unit has a low centre of gravity, and this, 
combined with independent operation of the 10 in. 
wide tracks, enables stability of the carriage to be 
maintained in rough conditions. The drill used is the 
CP. 400 or CP. 450, these having 4 in. and 44 in. piston 
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Only the Holman Rotair portable rotary screw compressor 
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units respectively. Other particulars include an overall 
length of 864 in., a width of 84 in. and a maximum 
height, with mast lowered, of 44 in. It has a ground 
clearance of 14 in. and a total weight, complete with 
drill carriage and drill, of 5,265 Ib. 


Power for U.S. Dam Construction 


A contract to the value of about $1-5 million has 
been won by the English Electric Co. Ltd. This is 
to supply a preliminary power plant consisting of 








ten 1,103 kW diesel-alternator sets and including all 
accessories such as switchgear, fusegear and trans- 
formers. Nine of the sets are already installed and they 
will provide power for the construction of the huge 
Glen Canyon dam on the Colorado River in Arizona, 
U.S.A. This dam, which was briefly mentioned in 
WATER POWER in the July and November issues of 
1957, pp. 241 and 438 respectively, will take about 
seven years to construct and when finished, will be 
the third in the world as to height and reservoir 
capacity impounding some 28 million acre ft. of 
water. The eight generating sets which will be 
installed will generate 900 MW. 





Abstracts from the 
World Technical Press 





Austrian Developments 

This special issue, entirely devoted to industry 
in Austria, confronts us at the outset with a list of 
world-famous Austrian inventors among whom we 
find Viktor Kaplan, the designer of the turbine that 
bears his name. No fewer than nine articles deal 
wholly or partly with the development of water 
power in Austria. The consumption of electrical 
energy has increased fivefold within 20 years, reaching 
almost 13,000 GWh in 1958, three-quarters of this 
output being supplied by hydro-electric plants and 
the rest by thermal plants mostly burning lignite. 
The latest addition to Austrian generating facilities 
is the Schwarzach power station on the Salzach River 
—the last stage of the Glockner-Kaprun group of 
plants which the Austrians call the “Savings Bank of 
their Public Electricity Supply.”” The new develop- 
ment programme, which involves an expenditure of 
7,000 million Schillings, was inaugurated in the 
second half of 1958 by beginning the construction of 
both the 150,000 kW Korneuburg thermal plant and 
the 32,000 kW Losenstein hydro-electric plant. 
Both are expected to be completed by 1962. Work 
on a new 70,000 kW power station on the Drau River 
started just a few days after Schwarzach had been 
put into operation. The greatest project on hand 
appears to be the Aschach power station, which, 
following Jochenstein and Ybbs-Persenbeug, will be 
the third of the chain of 13 Danube plants. Aschach, 
with an installed capacity of 248,000 kW will also 
be the largest unit of the Danube hydro-electric 
development, and will add a production of 1,600 
GWh to the Austrian grid system. The last of the 
four generating sets of this plant is scheduled to be 
on the line by May 1962. Austro-Bavarian co-opera- 
tion is marked by the 94,000 kW Scharding project 
on the Inn River, which will be similar to the Braunau 
plant and consist of a power house with four generat- 
ing sets and a five-bay- spillway block. Production, 
to be shared in equal parts by the two countries, 
is assessed at 545 GWh. The downstream-end plant 
of the Enns system, the 48,000 kW St. Pantaleon 
power station, also included in this programme, is 
scheduled for completion within 30 months. To 
ensure the annual balance of peak-period supplies, 
further high-altitude storage plants are planned, 
such as the winter-storage plant at Dorfertal-Huben 
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in Eastern Tyrol, on the south slope of the Hohe 
Tauern; there, a 140 m. high concrete arch dam, 
320,000 cu. m. in volume, will create a reservoir of 
100 million cu. m. useful capacity. It will operate a 
power plant of 120,000 kW capacity with a yearly 
average production of 300 GWh. Finally, the existing 
Gerlos power plant of the Tauernkraftwerke A.G. 
is to be transformed into a yearly storage plant by the 
construction of the Durchlassboden reservoir which 
will increase the capacity of the plant to 66,000 kW. 
The carrying into effect of this extensive development 
programme will not only ensure a sufficient supply 
of energy to the whole of Austria, but also enable the 
country to fulfil her export obligations. (Technische 
Rundschau, May 1959, p. 14, 3 ff.) 


A.C. Ancillary Equipment in 
Water-power Stations 


A reprint is given of the lecture presented by the 
author at a meeting of SEV (Swiss Association of 
Electrical Engineers) on November 20, 1958, in 
Zurich. Since direct current is used only in ancillary 
installations of a particularly vital character, most of 
the ancillary equipment of water-power plants is fed 
with alternating current. The author first surveys the 
problem of the supply of a.c. energy for such equip- 
ment, a problem which can be solved either with the 
help of transformers (connected to either the generator 
or high-voltage busbar, or to an outside network), or 
through an independent service generator or an emer- 
gency diesel-driven set. For safety reasons, the solu- 
tion generally adopted combines two of these alterna- 
tives, so that the running of the plant does not depend 
On one source of a.c. supply only. The various a.c. 
consuming ancillary installations are reviewed, e.g. 
turbo-generator and pumping sets, the transformers 
and their cooling and drainage pumps; compressed-air 
plant; charging plant for the storage batteries; power, 
light and heat supply; workshop, lifting gear, etc. The 
final paragraph gives a description of service plants 
and their protective apparatus. (E. Eichenberger, 
Motor-Colombus, Baden. Bulletin des I’ Association 
Suisse des Electriciens, Vol. 50, No. 8, April 11, 1959, 
p. 370, 7 pp., 2 ff.) 


Ice Problems in Hydro-electric Development 


Some aspects of ice problems connected with hydro- 
electric developments are discussed on the basis of 
the observations made by the author during the past 
ten years. The two rivers selected, the St. Lawrence 
and the Bersimis, present widely differing conditions 
as to ice hazards, the St. Lawrence cooling down every 
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year to freezing point, especially between Lake St. 
Peter and the foot of the Lachine Rapids, whereas the 
Bersimis river, which flows into the St. Lawrence 
between Forestville and Baie Comeau on the north 
shore, is to a great extent never cooled down to the 
freezing point. The best means of preventing ice from 
interfering with plant operation, especially when an 
important river is concerned, is by providing a forebay 
with sufficient cross-sectional area to;meet these adverse 
conditions. The solution of the ice problem on one river 
cannot be applied to any other river indiscriminately. 
(J. E. Cousineau, The Engineering Journal, Montreal, 
Vol. 42, No. 3, March 1959, p. 50, 5 pp., 5 ff., 2 maps.) 

Note. The above-mentioned issue discusses on page 
43 the destructive effects of cavitation in hydraulic 
turbines and diesel cooling systems and their observa- 
tion by means of the Fastax camera taking 8,000 pic- 
tures per second. In the section devoted to hydraulic 
turbines (pp. 45 to 48) a brief description of the 
mechanism of cavitation is given with some typical 
examples of cavitation damage to machine parts in 
service. (7 pp., 15 ff.) 


U.S.A. North-west Power Pool 


This is an account of the study tour undertaken by 
the author in Oregon and Washington. The 108 plants 
now in service on the U.S.A. territory of the Colum- 
bia River catchment aggregate 7,187,000 kW in in- 
stalled capacity, a figure which is to be increased 
fourfold through extensions to existing plants or the 
setting up of new ones in the near future. A descrip- 
tion is given of some of the major plants on the 
Columbia River and its tributaries, such as Grand 
Coulée, Chief Joseph, The Dalles, Swift and others. 
The impressions gathered by the author in the course 
of his tour can be summarised as follows. Dealing 
first with large run-of-river plants, most of them 
operating from low heads, projects are generally 
worked out and carried into effect on a long-term 
basis, looking forward in some instances to a fairly 
distant future. Foundations are frequently built to 
accommodate the later addition of generating units 
which, in some instances, will double production. 
This applies to both state and privately-owned instal- 
lations. Medium-head plants are seldom encountered 
otherwise than as links of a chain along the course 
of a river. These power houses are mostly erected at 
the toe of dam, their penstocks being unusually short 
and surge tanks practically dispensed with. The dam 
itself, with its flood-control spillway. constitutes the 
most expensive item of the plant, and the trend is to 
build it at as low a cost as possible. American earth- 
fill and rockfill dams can be built as cheaply as in 
Europe provided no complicated preparation of the 
fill material is required. Great attention is therefore 
devoted to available deposits of fill materials which 
are subject to the most careful exploration by borings. 
The cross-section of the structure is then adapted to 
the quality of the best material available. There is, for 
instance, a tendency to take relatively great seepage 
losses into the bargain, extending in some instances 
to several million cu. m. a year, rather than to provide 
for a more impervious core of expensive material. 
Fill structures are preferred to concrete dams more 
generally than in Switzerland, mass concrete being 
twice to three times more expensive than in Europe. 
Nevertheless, until a few years ago, the setting up of 
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concrete dams, especially high ones, was carried out 
on very conservative lines. A new trend is now begin- 
ning to appear, however, in lower concrete structures, 
as is witnessed by the thin arch structures at North 
Fork, on the middle stretch of the Clackamas river, 
and at Pelton, on the Deschutes river. (Ing. Dr. B. 
Gilg, Elektro-Watt, Zurich, Schweizerische Bauzeit- 
ung, Vol. 77; No. 12, March 19, 1959, p. 165, and No. 
13, March 26, 1959, p. 184; 14 pp., 29 ff.) 


Modern Developments in Water-Power 
Engineering 

A comprehensive survey, from the Indian viewpoint, 
is given of the technical improvements which have 
taken place in recent times in water-power engineer- 
ing at all stages; that is, hydrology, dams and control 
works, energy dissipation. water supply systems (con- 
crete lining of tunnels, underground penstocks, tunnel- 
ling technique, steel penstocks), recent developments 
in hydraulic machines (cavitation of turbine runners, 
adjustable-pitch Francis turbine, isolating shutter gear, 
Seewer governing system for impulse turbines), mid- 
get hydro-units, monoblock generating sets, and 
pumped-storage schemes. The survey concludes with 
a paragraph on underground power plants which the 
author strongly advocates for India, where conditions 
for locating such plants are particularly favourable. 
In this matter, mention is made of the fact that most 
of the Indian water potential is in Western and 
Eastern Ghats, and in the Himalayas, and stress is laid 
on the economic advantages of such plants, strategic 
considerations being dismissed as “simply foolhardy 
in this atomic age.” (K. Seetheramiah, /ndian Journal 
of Power and River Valley Development, Vol. VIII, 
No. 11, November 1958, p. 5, 15 pp., 12 ff.) 


High-Head Kaplan Turbines 

This article gives a short survey of the development 
of the Kaplan turbine from the first unit built almost 
40 years ago for a small Austrian plant to the 
125,000 h.p. unit designed by the author for the 
Vitava River power station at Orlik, the 10 blade 
runner of which was on show in front of the Czecho- 
slovak pavilion at the Brussels Exhibition last year. 
The Orlik unit, designed for a head of 71 m.—a 
record for Kaplan turbines—and a speed of 200 
r.p.m. can also operate from a minimum head of 44 
m. at the full discharge capacity of 150 cu. m. per sec. 
The article includes an interesting paragraph on 
cavitation, and the graph appended illustrates the 
advance achieved by Kaplan turbines both in operat- 
ing head and discharge capacity. (Professor in. dr. 
Miroslav Nechleba, Brno Technical University, 
Véda a Zivot (Science and Life), No. 5/6, May-June 
1959, p. 274, 6 pp., 9 ff.) 


A New Alpine Transmission Line 

The new 220 kV single-circuit line, 22 km. long and 
designed for a transmission capacity of 250 MW, 
which will transmit the energy produced at the Maggia 
and Blenio power stations, is a typical alpine line set 
at an average altitude of 2,000 m. above sea level. 
Its course reaches its highest point, 2,730 m., at the 
Bocchetta di Formazzora, near the Grandinagia pass. 
The three conductors, which run at the same level 8 
m. apart, are carried by lattice towers of the four-leg 
straddling type. With this arrangement, spans of over 


401 





500 m. are permissible, and a high degree of reliability 
in operation is ensured, collision between neighbour- 
ing conductors being practically ruled out. The con- 
ductors consist each of six galvanised-steel wires 71 
sq. mm. in aggregate cross-section, and 93 aluminium- 
alloy wires aggregating 540 sq. mm. in cross-section. 
The 95 sq. mm. earthing cables consist of 19 galvan- 
ised-steel wires. In consideration of the fact that the 
line runs far from permanently inhabited places and 
is in part not easily accessible, all its components, 
from tower foundations to insulators, are of uncom- 
monly robust construction. (Dr. A. W. Meichle, 
Schweizerische Bauzeitung, Vol. 77, No. 8, February 
19, 1959, pp. 110-112, 4 ff.) 


Tungabhadra Development 

This Indian development is the outcome of the 
agreement concluded in 1944 between the two 
Governments of Madras and Hyderabad. After the 
reorganisation which took place in November 1956, 
both states disappeared from the picture, the new 
partners being Andhra and Mysore, which share the 
waters of the river in the ratio of 65:35. The river 
derives its name from its two feeders, the Tunga and 
the Bhadra which both rise on the same hill of the 
Western Ghats in the Mysore State. Intended 
primarily for irrigation, the project was altered to 
include extensive power facilities when it was found 
that the available annual volume of flow at the 
Tungabhadra dam was large enough—even after the 
requirements of the Tungabhadra High Level Canal 
had been met—to permit the allocation of 100,000 
and 76,500 million cu. ft. per annum to the left and 
right bank of the scheme respectively. The backbone 
of the project is the Tungabhadra dam at Mallapuram, 
which creates a lake 146 sq. miles in area extending 
50 miles upstream. The dam consists of a giant 
vertical stone-masonry wall across the river-bed, 
5,712 ft. long, 162 ft. high, an earthfill dam, and a 
composite dam closing two low-level saddles on the 
left flank of the main dam. The work common to the 
two states involved has been taken up in two stages, 
the first of which includes the installation of five 
9,000 kW units, two at the dam powerhouse and three 
at the canal plant. The second stage is to comprise of 
three more 9,000 kW units, two at the dam, and one 
at the canal plant, so that the ultimate total installed 
capacity of the two powerhouses will be 72,000 kW. 
Harnessing the left-bank canal to power generation is 
also contemplated at a later stage. The above data 
have been obtained from the two special Tungabhadra 
issues of the undermentioned journal, which deal with 
the scheme from all its various aspects. (M. Hayath, 
J. L. D’Sa, A. R. Venkataraman, and others, 
Bhagirath, Vol. 5: No. 6, December 1958; No. 7, 
January 1959; 44 pp., 32 ff.) 


New Design Trends of Axial 
Flow Units 

Following an introductory paragraph dealing 
briefly with the pioneer work of Etablissements 
Neyrpic, Harza and Arno Fischer, the authors 
review the basic design features of axial-flow units 
and then deal with the two types of bulb units in 
two separate sections. They first discuss the two 
layouts of bulb units rotating in oil, especially suitable 
for midget powerhouses. These consist of the axial 
type for heads ranging between 2-5 and 11 m, the 
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propeller blades being either adjustable as at Castet, 
or fixed, as at Capdenac. The importance of standardi- 
sation of bulb units is emphasised, and provisional 
standardisation charts are appended for both 
adjustable and fixed-blade units. The siphon layout, 
usually utilised for heads not exceeding 3-5 m. is also 
discussed. The authors then proceed to examine 
axial-flow bulb units with synchronous generators 
rotating in air. These, by virtue of their large output 
and size, are very similar in performance to con- 
ventional machines, and in contrast to small bulb 
units, the question of efficiency plays an important 
role in their design. Characteristics of larger bulb 
units in actual operation are given for both types, with 
the generator either downstream of the runner, 
such as the 19,250 h.p. unit at Argentat and the 
7,000 h.p. unit at Cambeyrac, or upstream, such as 
the 12,000 h.p. units at Beaumont-Monceux and St. 
Malo. A short paragraph is devoted to axial-flow 
pier type units, in which the conventional type of 
generator is housed in an upstream pier giving full 
protection against contact with water, and the turbine 
is coupled to the generator by means of a speed 
multiplier. The final section assesses the role of new 
axial-flow units in Indian hydro-electric planning. 
(Pierre L. Misson, Engineer Director, and Indru T. 
Advani, Project Engineer, Etablissements Neyrpic, 
Grenoble, Jndian Journal of Power and River Valley 
Development, Vol. VIII, No. 12, p. 75, 8 pp., 6 ff.) 





~ CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month’s issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 





SHOT BLASTING and Metal Spraying in situ by the 
“on-site” experts. Anything, anywhere, at competitive rates. 
—Darnall Shot Blasting Co. Ltd., Doctor Lane, Sheffield, 9. 
Tel. 42896. 


Two Pumping Sets for Sale 
1. One pulsometer 2,000 g.p.m. centrifrugal pump driven by 
a 400 hp G.E.C. electric motor, 400 volts, 50 cycles. 
2. One pulsometer 2,000 g.p.m centrifugal pump driven by 
a 6VEB Ruston & Hornsby diesel engine. 
For further details apply M. B. Aircraft Co. Ltd., Langford 
Lodge Aerodrome, Crumlin, Co. Antrim. 


Cableway for Sale 


AERIAL CABLEWAY: Reconditioned as new Henderson 
Electric Radial Aerial Cableway; load 10 tons; maximum span 
1,820 ft.; fixed headmast 125 ft. high; travelling tail carriage 
36 ft. high; Igranic contractor control gear; main cable and alli 
ropes new; available 3/4 months. Full particulars from John 
M. Henderson & Co. Ltd., King’s Works, Aberdeen. 


POWERHOUSE SUPERINTENDENT 


Superintendent of hydro-electric power plant located in Iran. 
Must be university graduate, with degrees in Electrical Engi- 
neering preferred, or have the equivalent inengineering experience. 
Should have at least two years’ experience as service operator 
in hydro-electric powerhouse. Working knowledge of hydro- 
plant equipment necessary. Complete responsibilty for dis- 
assembly repairs and reassembly of major equipment. Salary 
commensurate with ability. Living allowance and other fringe 
benefits. Initial two year contract with possibility of renewal. 
Send complete detailed résumé of experience and qualifications 
to Personnel Department, Harza Engineering Co., 400 West 
Madison Street, Chicago 6, Illinois, U.S.A. 
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ONE OF SIX 18 FT. DIAMETER BUTTERFLY VALVES 


FOR THE WARSAK HYDRO-ELECTRIC PROJECT 
GOVERNMENT OF WEST PAKISTAN 


DESIGNED AND MANUFACTURED BY 


OMINION ENGINEERING 


COMPANY LIMITED, MONTREAL 
P.O. BOX 220, MONTREAL, CANADA, CABLE: DOMWORKS 


WATER POWER October 1959 





IN THE MANAGER’S OFFICE... 


. . . Production is planned, decisions are made 


THE TALK is of rising labour costs and falling prices, 
of bigger output and increased mechanisation, 

of new methods and modern equipment. 

Can they afford to scrap the old equipment 

and install the new? 

Or rather. . . Can they afford not to? 

Never before has the manager had available 

such good tools and so many of them 

to help solve these problems. 


ON THE MANAGER’S DESK... 


... “MINE AND QUARRY ENGINEERING?” is relied upon 
to keep him informed of new methods of production 
and the latest technical progress. 

When he buys new plant and equipment 

its advertisement pages exert a continuous influence 
and act as a persistent reminder. 


MINE & QUARRY ENGINEERING 


33 TOTHILL STREET * LONDON °_ S.W.1. Telephone: WHItehall 9233 


. « « Mining and 


quarrying 


—, 
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Specifications of large water turbines already delivered, or 


under delivery by NOHAB 


Runner 
of 


prosperity 


Recently another lasting 
contribution to technical 
progress and prosperity 

was made by NOHAB quality 
products. The Stornorrfors 
Power Station, and 

with it the large Francis 
turbine at left (three NOHAB 
turbines are installed 

there) was inaugurated on 
September 13, 1959. 


Ample supply of energy in 
convenient forms is a 
fundamental condition for our 
standards of living. NOHAB 
turbines help to produce 
electric power in water 

power plants all over 

the world. 


Below is a table of recent 
important orders for NOHAB 
turbines. 





Power Station 


Number and Head 


Output 
Metric H.P. 





type 
of turbine 


per turbine 


Comments 





STORNORRFORS 
Sweden 
In service 1959 


3 Francis 


200,000 


The most powerful water turbines in the 
world in service. 





In service 1956 


2 Kaplan 


87,200 


This is the highest head for which a Kaplan 
has been installed in Sweden. 





PORSI 
Sweden 
In service 1960 


2 Kaplan 


120,200 


These will be the most powerful Kaplan 
turbines in Sweden. 





MAEL 
Norway 
In service 1957 


1 Francis 


51,000 


With regard to dimensions, the largest turbine 
in Norway. 





PANCHET HILL 
India 
In service 1958 


1 Kaplan 


80,000 


India’s largest Kaplan, in output as well as 
dimensions. 





RINCON DE BAYGORRIA 
Uruguay 
In service 1959 


3 Kaplan 


49,500 


With regard to dimensions, South America’s 
largest turbines. 





FURNAS 
Brazil 
In service 1962 





4 Francis 








230,000 











One of the most powerful water turbines in 
the world. 





NYDQVIST & HOLM 


Trollhattan Sweden 


Telephone : 18000 


Cables : NOHAB 


Telex : 5284 








THTTTLETY 
ANI 


NAN) 





Racks and 


Rack Cleaning Machines 
for 


HYDRO-ELECTRIC POWER PLANTS 


WATER PURIFICATION PLANTS 


PUMPING STATIONS 


ENGINEERING WORKS 


JONNERETS.A. 





ELECTRICAL 
CONTROL 


PENSTOCKS 
VALVES 


E: SIZES 
UP TO 


100 sa ft 


Circular 
or 
Rectangular 


with 


HARTLEYS 


“VALECTRIC” 








GENEVA (JUNCTION) SWITZERLAND 





HEADSTOCKS 


USED BY LEADING 
AUTHORITIES 


including 


C.E.A. « L.C.C. 


LOCAL 
or 
REMOTE 
CONTROL 


Al i 3 dA 
MARPLE YS: EF. 


Phone: Stoke-on-Trent 48627 


TRADE 





——— 
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STRIPS 














SECTIONS 





BARS 

















the best raw material 
the best electrical equipment 


Anacos products of copper and copper 
alloy in bare form for all electrical appli- 
cations. Wire in all sizes and diameters, 
rods and bars for machining purposes. 
strips for blanking and cold drawing and 
strand for cables and overhead lines. 


FREDERICK SMITH & COMPANY - ANACONDA WORKS - SALFORD3 - LANCS 








Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 


WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 


at Dams and in Surge Shafts for all depths and conditions. 


PRESSURE RECORDERS, ETC. 


backed by over 20 years’ experience in this specialised field 
can be supplied for local or remote operation. 


The illustration shows the type of Flow Meters made 
for the North of Scotland Hydro-electric Board. 


The British Pitometer Co. Ltd. 


(ASSOCIATED WITH GLENFIELD & KENNEDY LTD.) 
52 MINERVA ROAD, PARK ROYAL, LONDON, N.W.10 


Pe 





is drone tat. ARO mt a i iE itive <dl 
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MASCHINENFABRIK EDUARD RUCH 





KAPLAN, IMPULSE & 


FRANCIS TURBINES 


up to about 3,000 h.p. and 

other machinery such as governors, 
gear mechanisms, screens, trashrakes, 
conduits and shut-off valves, etc., 


are manufactured, in the traditionally high 
quality of the Black Forest, by: 


OBERKIRCH 2 BADEN GERMANY 








ime 


FASTER » SAFER + CHEAPER | 


“White"’ Aerial Ropeways carry a large variety of materials up 
to 300 tons per hour and are in daily service in many parts 
of the World. They have proved their great efficiency and 
saving of time in large-scale transportation programmes 
by Hydro-Electric schemes, Collieries, Quarries and 
Power Stations. Whatever the terrain, our 90 
years specialist experience is at your service. 


OT: Bis FPN 


R. WHITE & SONS (ENGINEERS) LTD. 
G.P.O. BOX 2, WIDNES, LANCASHIRE 
Telegrams: ‘‘RAILS, WIDNES."’ Telephone: 2425 (3 lines) 


& 

















THE RAILWAY GAZETTE 


A journal of Railway Management, Engineering, Operation, 
and Railway News. It covers every phase of railway activity. 
It is truly said of this journal that it is ‘‘ Read wherever there 
are Railways."" Weekly 2s. Annually £5 by post. 


DIESEL RAILWAY TRACTION 


A monthly review of world-wide developments in diesel- 
engine design, practice, and maintenance and diesel railway 
traction operation. Monthly 2s. 6d. Annually 35s. by post. 


SHIPBUILDING AND SHIPPING RECORD 


The only publication with direct appeal to both shipowner 
and shipbuilder. Its world-wide news organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Weekiy 2s. Annually £5 by post. 


COLLIERY ENGINEERING 


A practical journal dealing with all aspects of coal production; 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Monthly 2s. 6d. Annually £2 by post. 


COKE AND GAS 


A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks. Monthly 2s. 6d. Annually 35s. by post. 


THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways 
and Locomotives. Monthly 2s. 6d. Annually 35s. by post. 
NEW COMMONWEALTH 


Describes and illustrates significant developments in pro- 
duction, trade, transportation and related spheres in all 
countries of the Commonwealth. Monthly 2s. 6d. Annually 
£2 by post. 


TOTHILL PRESS LIMITED 33, Tothill 


THE INDUSTRIAL CHEMIST 


A technical journal devoted to the progress of applied 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Monthly 2s. 6d. 
Annually £2 by post. 


ARCHITECTURE AND BUILDING 


A journal for practising and salaried architects, building 
contractors, designers, and specialists. It deals with the 
planning, design, construction and the administration of 
modern building work. Monthly 2s. 6d. Annually 35s. by post. 


woopD 
“Wood” is the only magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees 
and timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Monthly 2s. 6d. Annually 35s. by post. 


FOOD 


A journal devoted to the manufacture, packaging, and marketing 
of processed foodstuffs. Monthly 2s. 6d. nually £2 by post. 


WATER POWER 


A technical journal devoted to the study of all aspects of 
Hydro-Electric Development. Monthly 2s. 6d. Annually £2 


by post. 


MINE AND QUARRY ENGINEERING 


Articles of technical nature cover geology, modern methods 
of prospecting, the winning of ore and stone, the dressing of 
ore and minerals, and extraction metallurgy. Monthly 2s. 6d. 
Annually 35s. by post. 


Street, Westminster, London, S.W.| 
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ANDERSON 


the finest 


DERRIGK GRANES 


One Derrick Crane may look the same as another— 
from a distance. At close quarters the differences are 
astounding. The cabin interior, alone, clearly estab- 
lishes ANDERSON design and construction to be 
supreme. The clean, compact gearing, built on unique 
unit principles, guarantees mechanical efficiency and 
reliability—and ensures lowest erection and operating 
costs. The driver's panoramic visibility, centralised 
easy control and comfort have to be seen to be believed. 
High performance and safety are spontaneous—a 
banksman often superfluous. 


These and other exclusive features explain why in- 
dependent examiners are so impressed, and more and 


more users specify ANDERSON only. 


y aoe 


lished , EXTENSIVE HIRE FLEET OF MODERN CRANES 
69 DEPOTS AT LONDON and BIRMINGHAM 


LONDON OFFICE: FINSBURY PAVEMENT HOUSE, 120 MOORGATE, E.C.2.— Tel.: MONarch 4629 


TEL. : An YZ Cc GRAMS: 
a THE D ERS RSON- <SRI SE Co: LTD: “DIAMOND” 


2214/5 || TAYMOUTH ENGINEERING WORKS - CARNOUSTIE - SCOTLAND | CARNOUSTIE 











e i LEVELS 


MEASURE 
PRESSURES 


and 


: iiatates CONTROL 


PUMPS 


by 


 !_ te Ww 6 


| : we E[LIOTT 


Water Process Control! Division, 


oe “erentee .. ELLIOTT BROS. (LONDON) LTD 
z oo eae mk? . Century Works, Lewisham London S.E.13 
ey 1 Telephone : Tideway 1271 


Ly A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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For pumped-storage plants: 


Single or multistage, single or double suction 
VOITH STORAGE PUMPS up to largest capacities. 


For water-supply schemes: 
VOITH CENTRIFUGAL PUMPS 


For land reclamation schemes, 
For the cooling water requirements of steam power stations, etc.: 


VOITH KAPLAN PUMPS 


UK| ONOrOen! | | OG 


wiittlita™ 


The photo shows a two-stage 3,430 hp, 1,490 rpm 
VOITH CENTRIFUGAL PUMP in the Sipplingen Pumping Station (Lake of 
Constance) delivering 26°5 cft/sec of drinking water to the city of Stuttgart against a 1,000-ft head. 


> re. SS 


© '.M.VOITH GMBH: HEIDENHEIM (BRENZ)-GERMANY 
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TO DOUBLE THE POWER OF ROXBURGH 


Four AEI waterwheel alternators at the New Zealand Electricity Department's 
Roxburgh Power Station are already feeding 160,000 kW into the South Is!and 
grid. Four additional sets, to bring the station up to its designed capacit © of 
320,000 kW, are now in course of construction. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMIT!?: : 


HEAVY PLANT DIVISION RUGBY AND MANCHESTER. EN‘ AND 











